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8 DELIMITATION OF AREAS OF INFLUENCE 

According to Law 294/93, in its Article 1, “the Environmental Impact Assessment is 

mandatory. For legal purposes, Environmental Impact shall be understood as any 

modification of the environment caused by human works or activities that have, as a 

positive or negative, direct or indirect consequence, to affect life in general, 

biodiversity, the quality or a significant amount of natural or environmental resources 

and their use, welfare, health, personal safety, habits and customs, cultural heritage or 

legitimate livelihoods”. 

Article 3°, paragraph c, of the mentioned law, “determines the limits of the geographical 

area to be affected, with a physical, biological, socioeconomic and cultural description, 

detailed both quantitatively and qualitatively, of the area of direct influence of the works 

or activities and an environmental inventory of it, in such a way as to characterize its 

state prior to the projected transformations, with special attention to the determination 

of the watersheds.” 

Therefore, the environmental diagnosis was carried out in three areas of influence of the 

enterprise: Directly Affected Area (DAA), Direct Influence Area (DIA) and Indirect 

Influence Area (IIA), being, respectively, the areas affected locally, directly and 

indirectly by the incidence of environmental impacts. 

✓ DAA: area of installation of the project, including the industrial areas, accesses 

and support areas (port and transmission line). DAA also includes the 6 

accommodation camps. 

✓ DIA:  

o For the physical and biotic environment, a radius of 5 km is being 

considered in the surroundings of PARACEL pulp mill and 25 meters 

range of transmission line. The impacts of port, wood transport and 

accommodation camps on the Direct Influence Area were also 

considered, although they are not included in the map. The DIA was 

determined based on atmospheric dispersion study, water effluent 

discharge (the distance of effluent is smaller than boundary) and 

industrial  noise impacts (in 5 km the noise emitted by the mill will be 

practically the same as the environment). 

o For the socioeconomic environment, DIA includes: the district of 

Concepción, 13 km radius from the mill that contains Belem, Horqueta 

and Loreto, accommodation camps and transmission line. The impacts 

of wood transportation on the DIA were considered  

✓ IIA: 

o For the physical environment, the Hydrographic Units (department), 

defined according to Resolution n. 376/2012, were considered as the 

reference base. In this way, the DIA (radius of 5 km from the site - DAA) 

was overlaid on the limits of the Hydrographic Units. The overlay of this 

information resulted in the definition of the IIA as the CIH18-Rio 

Pilcomayo and CIH8-Aquidaban Units.  These units cover part of the 

middle and lower Paraguay sub-basin. It is worth to observe that this 

sub-basin was not considered in its entirety in the IIA, because relevant 

users were not found close enough (in terms of water quality impact) 
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downstream of the point of discharge of the effluents, in the portion 

covering the sub-basin. Another factor that justifies the definition of this 

IIA limit refers to the dispersion of the treated effluents in the Paraguay 

River, which is rapid and occurs very close to the point of release 

(between 0.37 and 0.42 m), this point being located upstream of the pulp 

mill water intake. 

o For the biotic environment, the Indirect Influence Area considered the 

ecoregions that the Department of Concepción intercepts and, in part, the 

Aquidabán and Pilcomayo watersheds, namely Cerrado, Alto Paraná, 

Chaco Húmedo and Chaco Seco. The organization of information by 

ecoregions in the available bibliography justified the choice of this 

criterion.  

o For the socio-economic environment, the IIA includes the three northern 

departments of the country: Concepción, San Pedro and Amambay 

The following maps demonstrate the influence areas for physical, biotic and 

socioeconomic environment. 
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Figure 1 – Map of the Areas of Influence for Physical Environment 
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Figure 2 – Map of the Areas of Influence for the Biotic Environment  
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Figure 3 – Map of the Areas of Influence for the Socioeconomic Environment 
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9 ENVIRONMENT DIAGNOSIS 

9.1 Physical environment  

The diagnosis of the physical environment allows us to observe the current states of 

climate and meteorology, air quality, noise, geology, geomorphology, pedology and 

hydrology (surface and underground water resources) of the areas of influence and thus 

obtain an adequate evaluation of the environmental impacts related to the 

implementation and operation of PARACEL pulp mill. 

For the compilation of primary and secondary data, the areas of influence were 

considered as follows: 

− IIA - Aquidabán (12,515 km2) and Pilcomayo River (86,694 km²) 

Hydrographic Units, according to MADES Resolution n. 376/2012 

− DIA - Radius of 5 km around the DAA. This delimitation was due to 

atmospheric dispersion studies; 

− DAA - Includes the internal region owned by PARACEL, where the 

industrial unit will be properly established, in addition to the water 

collection pipe and land effluent outlet. 

9.2 Climate and Meteorology 

The climate type in Paraguay is tropical to subtropical, governed by tropical air mass 

and polar air mass, with hot and rainy summers and low and less rainy winters. The 

average annual temperature is 23°C and the average annual maximum is 29°C. There is 

a marked difference between the distribution of rainfall in the two regions into which 

the country is divided. In the Eastern Region, the average annual temperature ranges 

from 21°C to 23°C. In the Western Region, the average annual temperature is 24°C. 

The average recorded rainfall is 1,700 mm in the eastern region and 400 mm in the 

western region, near the border with Argentina and Bolivia (DGEEC, 2011). 

According to Grassi et al. (2005), the Eastern Region, has an undulating and humid 

feature confined between the Paraguay and Paraná rivers, has a rugged topography with 

good drainage and a growing rainfall regime to the east and where the climate varies 

from humid sub-humid to humid, in the same orientation, giving rise to the large 

subtropical forests of the Atlantic basin. 

According to this classification Pasten et al. (2011), the Eastern Region is defined with 

two types of climates: 

− Tropical Shroud/Dry Winter (Aw): covers much of the department of 

Concepción and a small portion of northwest San Pedro; 

− Temperate/No Dry Season/Hot Summer (Cfa) includes the departments of 

Amambay, Canindeyú, Central, Cordillera, Caaguazú, Alto Paraná, 

Paraguarí, Guairá, Ñeembucú, Misiones Itapúa and much of San Pedro. 

The result of Köppen's climate classification, which can be seen in the Figure below, 

determined that in Paraguay there are three types of climate: tropical savannah with dry 

winter (Aw), semi-arid (Steppe) warm during all year (Bsh) and temperate climate, 

without dry season and hot summer (Cfa), this is the predominant climate in much of 

Paraguay (Pasten et al. 2011). 
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Figure 4 -  Climate Classification of Köppen (1971-2010). Source: Pasten et 

al. (2011) 

 

In the Figure below you can see the result of Thornthwaite's climate classification, 

where it’s possible to observe the 5 different types of climate of Paraguay. 
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Figure 5 - Thornthwaite climate classification (1971-2010). Source: Pasten 

et al. (2011) 

 

According to Pasten et al. (2011), the Western Region is defined considering four types 

of climate: 

− Dry sub-humid/dry/megathermal (C1dA'): it includes the western part of the 

department of Concepción and a small portion of the department of San 

Pedro; 

− Humid sub-humid/rainy/megathermal (C2rA'): covers the east of 

Concepción, a strip of San Pedro, Central department, west of Cordillera 

and west of Ñeembucú; 

− Wet/Rain/Megathermal (BrA'): includes the departments of Canindeyú, 

Alto Paraná, Guairá, Caazapá, Misiones, east of Amambay, southeast of San 

Pedro, east of Cordillera, east of Ñeembucú and a large part of Itapúa; 

− Wet/Rain/Mesothermal (BrB'): includes only a small part of Itapúa. 

9.2.1 Metodology 

The climatic characterization of the region where the pulp mill is located considered the 

analysis of the following parameters: temperature, relative humidity, wind direction and 

speed, precipitation, solar radiation and water balance.  
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The meteorological and climatic information presented comes from the Climatological 

and Meteorological Study, carried out by the Company "CATAVENTO 

AMBIENTALE METEOROLOGIA E MEIO AMBIENTE", the data were obtained by 

surface meteorological stations approved in the region of the company. 

The data used for the study of the region's climate were obtained from the Integrated 

Surface Database (ISD), which can be consulted on the website of the National Oceanic 

and Atmospheric Administration (NOAA). Four surface weather stations were chosen 

for the analysis of climate conditions in the region, which were more representative of 

the company's area, as shown below. 

− Puerto Casado (USAF:860860/ICAO:SGLV), located 116 km of the north of 

the project, installed in the coordinates 22°16'58.80 "S e 57°55'58.80 "W. The 

data series examined is composed of 7 years (from 01/01/2013 to 31/12/2019); 

− Pozo Colorado (USAF: 861280/ICAO: SGPC), located 136 km west of the 

project, at coordinates 23°30'0.00 "S e 58°46'58.80 "W. The data series 

examined is composed of 7 years (from 01/01/2013 to 31/12/2019); 

− San Pedro (USAF: 861850/ICAO: SGSP), 99 km south of the project, located 

at coordinates 24° 4'1.20 "S e 57° 4'58.80 "W The data series examined is 

composed of 7 years (from 01/01/2013 to 31/12/2019); 

− Teniente Coronel Carmelo Peralta (USAF: 861340/ICAO: SGCO), used as a 

reference station for the region, about 21 km from the project, located at 

coordinates 23°26'31.20 "S e 57°25'37.20 "W. The data series examined is 

composed of 10 years (from 01/01/2010 to 31/12/2019). 
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Figure 6 - Map of the location of the weather stations distant from the project. 

Source: Google Earth, 2020 

9.2.2 Rainfall precipitation 

No rainfall data are available in the database used for the study. Therefore, the study of 

rainfall precipitation was carried out by consulting the bibliography with information 

from previous studies of the region and the country. 

Most of the country's rainfall is convective, produced by isolated storms or lines of 

instability that are frequent in spring and autumn. The average annual precipitation 

shows a great spatial variation. The greatest amplitude is towards the south of the 

country, varying zonally from 400 mm in the northwest of the Chaco to more than 1,800 

mm in the Eastern Region. 

The Paraná River basin is the wettest, with annual averages above 1800 mm, while the 

Paraguay River basin receives maximums of 1600 mm in the eastern region. Rainfall 

also shows great seasonal variability. They are lowest in July and August, and the 

average of the least rainy month usually does not reach 5% of the annual total. The 

highest volumes of precipitation occur during the months of October to April and are 

generally recorded in the form of storms or rainfall, as a result of atmospheric instability 

caused by strong warming of the lower layers of the atmosphere (Mayeregger and 

Romero 2017). 

The highest precipitation rates in the region of Concepción occur in the summer. The 

month with the lowest rates is August, with an average of 28mm. In February and 

November, precipitation reaches its highest levels, between 128 and 152 mm on 

average. The average annual rainfall is approximately 1,190 mm1. 

 

 
1 Source: https://es.weatherspark.com/ 
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9.2.3 Atmospheric pressure 

At the Puerto Casado station (860860), located 116 km north of PARACEL pulp mill, 

the atmospheric pressure varied between 1,001.4 and 1,004.9 hPa, while the average for 

the period from 2013 to 2019 was 1,002.9 hPa. 

 

Figure 7 – Average monthly atmospheric pressure at the Puerto 

Casado station 

At the Pozo Colorado station (861280), located 136 km west of the project, the 

atmospheric pressure varied between 999.4 and 1,002.7 hPa, while the average for the 

period from 2013 to 2019 was 1,000.8 hPa.  

 

Figure 8 – Average monthly atmospheric pressure at the Pozo 

Colorado station 

At the San Pedro station (861850), located 99 km southeast of the project, the 

atmospheric pressure varied between 1,002.1 and 1,005.5 hPa, while the average for the 

period from 2013 to 2019 was 1,003.6 hPa.  
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Figure 9 – Average monthly air pressure at San Pedro station 

At the Lieutenant Colonel Carmelo Peralta station (861340), 21 km from the project, 

the atmospheric pressure varied between 1,001.5 and 1,007.5 hPa, while the provisional 

average climate for the period from 2010 to 2019 was 1,003.9 hPa.   

 

Figure 10 – Average monthly atmospheric pressure at the Teniente 

Coronel Carmelo Peralta station 

Although the four weather stations cover a relatively large area and are separated by 

considerable distances, the atmospheric pressure behavior was similar in all stations and 

the average for the region was 1,002.8hPa. 

9.2.4 Air temperature 

At the Puerto Casado station, the average monthly temperature varied between 16.9˚C 

and 31˚C, while the average for the period from 2013 to 2019 was 25.7˚C.   
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Figure 11 – Average monthly temperature at Puerto Casado station. 

At Pozo Colorado station, the monthly average temperature varies between 15,5˚C and 

31,2˚C, while the average for the period from 2013 to 2019 was 24.7˚C. 

 

Figure 12 – Average monthly temperature at Pozo Colorado station 

At the San Pedro station, the average monthly temperature varied between 16.5˚C and 

30.5˚C, while the average climate for the period from 2013 to 2019 was 24.1˚C.   

 

Figure 13 – Average monthly temperature at San Pedro station 
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At Teniente Coronel Carmelo Peralta station, the average monthly temperature varied 

between 15.5˚C and 29.6˚C, while the provisional average climate for the period from 

2010 to 2019 was 24.3˚C. 

 

Figure 14 – Average monthly temperature at station Teniente 

Coronel Carmelo Peralta 

The air temperature in the region is defined by the effect of continentality and 

topographic uniformity, presenting a great amplitude. In summer, as it is a tropical 

region, the maximum temperatures can exceed 30˚C, and in winter frost phenomena can 

be registered as a consequence of the entry of cold fronts.  

The average temperatures are very similar in all the weather stations, from 24.1˚C in 

the San Pedro station, which is further south, to 25.7˚C in the Puerto Casado station, 

located further north. In the large region analyzed, the average temperature was 24.7˚C. 

9.2.5 Relative humidity 

At the Puerto Casado station, the monthly relative humidity varied between 46.7% and 

79.6%, while the average for the period from 2013 to 2019 was 63%.  

 

Figure 15 – Average monthly relative humidity at Puerto 

Casado station 

At the Pozo Colorado station, the monthly relative humidity varied between 51.7% and 

83.6%, while the average for the period from 2013 to 2019 was 70.2%.   
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Figure 16 – Average monthly relative humidity at station Pozo 

Colorado 

In the San Pedro station, the monthly relative humidity varied between 56.1% and 

85.4%, while the average for the period from 2013 to 2019 was 70.5%.   

 

Figure 17 – Average monthly relative humidity at San Pedro station 

At Teniente Coronel Carmelo Peralta station, the monthly relative humidity varied 

between 51.4% and 85.5%, while the provisional average for the period from 2010 to 

2019 was 70.9%. 

 

Figure 18 – Average monthly relative humidity at station Teniente 

Coronel Carmelo Peralta 

The relative humidity at the Puerto Casado station, to the north of the future PARACEL 

factory, has an average relative humidity of 63%. The other regions presented values 

confidential

confidential



109001759-003-0000-E-1501 
 

21 
 

  

 

 

between 70.2% and 70.9%, the highest value being at the station of Lieutenant Colonel 

Carmelo Peralta. This difference is due to the variability of rainfall among the regions.  

9.2.6 Wind 

At the Puerto Casado station, the average monthly wind speed varied between 0.76 and 

2.49 m/s, while the average for the period from 2013 to 2019 was 1.47 m/s.  

The wind rose generated with the data obtained at the Puerto Casado station proves the 

predominance of south and north winds. 

 

Figure 19 – Average wind speed at Puerto Casado station 
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Figure 20 – Wind rose observed at the station Puerto Casado 

At the Pozo Colorado station, the average monthly wind speed varied between 0.7 and 

5.0 m/s, while the average for the period from 2013 to 2019 was 2.5 m/s.  

The wind rose generated with the data observed at the Pozo Colorado station proves the 

predominance of south and north winds, with important components from the northeast 

and east. 
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Figure 21 – Average wind speed at station Pozo Colorado 
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Figure 22 – Wind rose observed at Pozo Colorado station 

At the San Pedro station, the average monthly wind speed varied between 0.5 and 3.7 

m/s, while the average for the period from 2013 to 2019 was 1.9 m/s.   

The wind rose generated with the data observed at the San Pedro station proves the 

predominance of two winds from the south and north, followed by winds from the east. 
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Figure 23 – Average wind speed at the station San Pedro 
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Figure 24 – Wind rose observed at the station San Pedro 
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At the Teniente Coronel Carmelo Peralta station, the average monthly wind speed 

varied between 1.8 and 4.9 m/s, while the provisional average for the period from 2010 

to 2019 was 3.2 m/s.  

The wind rose generated with the data observed at the Teniente Coronel Carmelo Peralta 

station proves the predominance of two winds from the south, followed by northeast 

and east, and with a less important component from the southeast. 

 

Figure 25 – Average wind speed at the station Teniente Coronel 

Carmelo Peralta 
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Figure 26 – Wind rose observed at the station Teniente Coronel Carmelo 

Peralta 
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The wind intensities in all regions are very similar and can be classified as weak winds, 

between 1.4 and 3.2 m/s. The highest wind speeds were registered at Teniente Coronel 

Carmelo Peralta station. The predominant wind directions are north and south, followed 

by northeast and east winds. 

9.3 Air quality 

This item presents the results of the Air Quality Monitoring report of the PARACEL 

pulp mill in the Municipality of Concepción, Department of Concepción, Paraguay.  

The objective of the monitoring is to verify the air quality before the implementation 

and operation of the pulp mill (background). 

The air quality monitoring was carried out through 2 campaigns, the first in the period 

from September 25 to October 16, 2019, and the second in the period from February 12 

to March 4th, 2020. 

This report was prepared using SEAM Resolution No. 259/2015, which establishes the 

air quality standard.  

The complete report is presented in ANNEX I of this document. 

9.3.1.1 Collection points 

Three different points were defined to evaluate the air quality in the region where the 

PARACEL factory is installed, which are: 

− Point 01 – SENACSA/ Departmental Animal Health Commission 

Address: Calle Gral. Díaz c/ Rufino Spika – Concepción/Paraguay 

Coordinates: UTM 21K 0454572 - 7410810 

− Point 02 – Loreto Municipality/ Paraguay 

Address: Av. Eusebio Ayala Y Centro Corá – Loreto/Paraguay 

Coordinates: UTM 21K 0466753 - 7426022 

− Point 03 – National Police Station – Comisaría nº18 Col. Roberto L. Petit 

Address: Puesto Policial Nacional – Comisaría nº18 – Col. Roberto L. Petit – 

Concepción/Paraguay 

            Coordinates: UTM 21K 0457325 – 7434506 
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Figure 27 – Location of campaign monitoring points. Source: Pöyry Tecnologia 

(2021) 
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Figure 28 – Point P01. Source: Geoavaliar (2020) 

 

Figure 29 – Point P02. Source: Geoavaliar (2020) 

 

Figure 30 – Point P03. Source: Geoavaliar (2020) 

9.3.1.2 Parameters 

To monitor the current air conditions, the parameters were considered:  Total Suspended 

Particles (TSP), Inhalable Particles (IP - PM10), Respirable Particles (RP - PM2.5), 

Nitrogen Dioxide (NO2), Sulfur Dioxide (SO2), Total Reduced Sulfur (TRS), Carbon 

Monoxide (CO), Ozone (O3), Hydrogen Sulfide (H2S) and Volatile Organic 

Compounds (VOC). 
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9.3.1.3 Methods 

The samples were taken at 3 points, and 7 collections occurred at each of the sampling 

locations (points), with an approximate duration of 24 hours for the parameters Total 

Suspended Particles (TSP), Inhalable Particles (IP - PM10), Respirable Particles (RP - 

PM2.5), Nitrogen Dioxide (NO2), Sulfur Dioxide (SO2), Ozone (O3), Hydrogen Sulfide 

(H2S); approximately 1 hour for Total Reduced Sulfur (TRS) and Carbon Monoxide 

(CO) parameters; 20 minutes for Volatile Organic Compounds (VOC). 

The references of the methodologies used are presented below. 

− 40 CFR Appendix B to Part 50 - Reference Method for the Determination of 

Suspended Particulate Matter in the Atmosphere (High-Volume Method); 

− 40 CFR Appendix J to Part 50 - Reference Method for the Determination of 

Particulate Matter as PM10 in the Atmosphere; 

− 40 CFR Appendix L to Part 50 - Reference Method for the Determination of 

Fine Particulate Matter as PM2.5 in the Atmosphere; 

− ISO 4220:1983 - Ambient air — Determination of a gaseous acid air pollution 

index — Titrimetric method with indicator or potentiometric end-point 

detection; 

− US EPA METHOD Nº QN 1277:1977 - Sodium Arsenite Method for the 

Determination of Nitrogen Dioxide in the Atmosphere/ 

− EQOA-0206-148 - Environment S.A Model O342M UV Photometric Ozone 

Analyzer; 

− US EPA EMC Conditional Test Method (CTM-030) - Determination of 

Nitrogen Oxides, Carbon Monoxide, and Oxygen Emissions from Natural Gas-

Fired Engines, Boilers and Process Heaters Using Portable Analyzers; 

− US EPA Method 16A - Total Reduced Sulfur – Impinger – Adapted Method for 

Air Quality Monitoring; 

− US EPA Method 11 — Determination Of Hydrogen Sulfide Content Of Fuel 

Gas Streams In Petroleum Refineries – Adapted Method for Air Quality 

Monitoring; 

− US EPA Method 18 - Volatile Organic Compounds by Gas Chromatography 

In order to compare and assess the results  registered, the limits stated by SEAM 

Resolution n. 259/2015 were considered and also the limits of the air quality standards 

presented by the US EPA - Environmental Protection Agency.   

9.3.1.4 Results 

The results are presented in the table below.
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Table 1 – Results of first air quality campaign  

1ª 69,37 42,39 31,96 N.D.

2ª 136,99 70,90 56,31 N.D.

3ª 201,09 93,51 65,84 N.D.

4ª 150,55 78,23 58,41 N.D.

5ª 113,27 53,59 42,82 N.D.

6ª 130,91 64,34 52,52 N.D.

7ª 178,64 63,88 50,36 N.D.

1ª 55,11 32,91 28,36 N.D.

2ª 66,04 37,92 30,49 N.D.

3ª 64,06 31,36 27,99 N.D.

4ª 8,36 5,40 4,72 N.D.

5ª 23,00 11,72 9,10 N.D.

6ª 36,15 20,27 16,49 N.D.

7ª 38,72 21,79 18,52 N.D.

1ª 54,55 29,33 21,27 N.D.

2ª 32,05 20,30 14,26 N.D.

3ª 34,87 26,89 16,30 N.D.

4ª 40,75 27,70 18,48 N.D.

5ª 35,89 25,65 16,12 N.D.

6ª 23,87 17,01 11,43 N.D.

7ª 16,96 7,39 5,45 N.D.

CETESBResultado del Monitoreo

PTS 
PI  

(PM10)

PI 

(PM2,5)
O3 CO TRS H2S

En acuerdo con la Resolución SEAM nº 259 del 3 de júlio de 2015                                                                                                

( µg/m3 )

150 30

PTS (MP) 

µg/m3

 (24 horas)

PI (PM10) 

µg/m3

 (24 horas)

N.D. 25,14N.D. N.D. N.D.

PI (PM2,5) 

µg/m3

 (24 horas)

N.D. 100,49N.D. N.D. N.D.N.D.

N.D. 99,06N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D.N.D.

N.D. 98,68N.D. N.D. N.D.N.D.Punto 03 - Posto 

Policial Nacional 

- Comsaria nº18 

Col. Roberto L. 

Petit

N.D. N.D.N.D. N.D. N.D.

N.D. 98,98N.D. N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.
Punto 02 - De 

Municipalidad de 

Loreto/ 

Paraguay

N.D. N.D.N.D. N.D. N.D.

N.D. N.D.N.D. N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

6,55 6,55

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.

N.D.

20 200 120 10

N.D.

N.D.

N.D.

VOC  

µg/m3

(20 

minutos)

SO2 NO2 VOC

Punto 01 - 

Senacsa/ 

Comision 

Departamental 

de Salud Animal

N.D. N.D.N.D. N.D. N.D.

Resultados del Análisis

Concentración de Setiembre - Octubre/2019

Estación de 

Monitoreo

Colect

a
SO2 

µg/m3

 (24 horas)

NO2 

 µg/m3

(1 hora)

H2S

 µg/m3

(24 horas)

O3 

 µg/m3

(8 horas)

CO 

µg/m3     
(8 

horas)

TRS         

µg/m3    

(1 hora)
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Table 2 – Results of second air quality campaign 

v

1ª 59,93 34,35 23,95 17,63

2ª 64,74 32,77 25,38 19,48

3ª 53,56 34,77 21,81 16,82

4ª 48,89 29,94 19,18 13,28

5ª 49,91 27,52 16,79 12,46

6ª 70,10 36,31 23,16 14,14

7ª 56,08 30,55 17,31 11,94

1ª 42,31 25,48 19,54 N.D.

2ª 70,43 38,33 29,94 N.D.

3ª 67,22 27,47 30,34 N.D.

4ª 76,89 43,09 35,94 N.D.

5ª 40,11 26,30 20,66 N.D.

6ª 59,36 26,96 20,74 N.D.

7ª 60,93 30,70 23,28 N.D.

1ª 107,18 38,13 27,37 N.D.

2ª 83,68 29,73 20,09 N.D.

3ª 165,03 58,49 44,16 N.D.

4ª 103,01 42,58 25,62 N.D.

5ª 133,13 49,92 27,51 N.D.

6ª 74,95 31,48 19,22 N.D.

7ª 132,30 45,49 26,11 N.D.

Nota 3. No existe límite para comparación fijados por la Resolución SEAM n 259/2015, para los parámetros TRS e H2S. Asimismo, se empleo el límite de percepción del olor para  H2S presente en la FISPQ del producto.

Resultados del Análisis

Concentraciones de Febrero-Marzo/2020

Estación de 

Monitoreo

Colect

a
SO2 

µg/m3

 (24 horas)

NO2 

 µg/m3

(1 hora)

H2S

 µg/m3

(24 horas)

O3 

 µg/m3

(8 horas)

CO 

µg/m3     
(8 

horas)

TRS         

µg/m3    

(1 hora)

VOC  

µg/m3

(20 

minutos)

SO2 NO2 VOC

Punto 01 - 

Senacsa/ 

Comision 

Departamental 

de Salud Animal

1,09 N.D.N.D. N.D. N.D.

N.D. N.D.

N.D.

20 200 20

N.D.

0,01

0,15

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D. N.D.0,18

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.0,11

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

Punto 02 - De 

Municipalidad de 

Loreto/ 

Paraguay

N.D. N.D.N.D. N.D. N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.0,15

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D.N.D. N.D. N.D.0,38

N.D. N.D.N.D. N.D. N.D.N.D.

Punto 03 - 

Estación de 

Policía Nacional - 

Comisária nº18 

Col. Roberto L. 

Petit

N.D. N.D.N.D. N.D. N.D.

N.D. N.D.N.D. N.D. N.D.0,21

N.D. N.D.N.D. N.D. N.D.0,18

N.D. N.D.N.D. N.D. N.D.N.D.

N.D. N.D. N.D.0,24

N.D. N.D.N.D. N.D. N.D.0,18

PTS (MP) 

µg/m3

 (24 horas)

PI (PM10) 

µg/m3

 (24 horas)

N.D. N.D.N.D. N.D. N.D.

PI (PM2,5) 

µg/m3

 (24 horas)

N.D. N.D.

TRS H2S

150 30 6,55 6,55120 10

En acuerdo con la Resolución SEAM nº 259 del 3 de júlio de 2015                                                                                                

( µg/m3 )

Nota 1. Límite establecido por medio de la Resolución SEAM 259/2015

Nota 2. No Existe límite en establecido en la Resolución SEAM 259/2015 para Compuestos Orgánicos Volatiles (COV). Asimismo, empleose el límite de exposición fijados por  base horaria (TWA) por la "American Conference of Governmental 

Industrial Hygienists (ACGIH)" para Tolueno, el COV identificado en el análisis.

CETESBResultado del Monitoreo

PTS 
PI  

(PM10)

PI 

(PM2,5)
O3 CO
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PTS - Total Suspended Particles 

Considering Resolution n. 259/2015, there is no limit for Total Suspended Particles 

(TSP), being therefore in charge of the environmental body the interpretation of the 

reported results. 

Inhalable Particles (IP - PM10) 

Considering the limit established by Resolution n. 259/2015, whose maximum 

permitted 24-hour concentration of Inhalable Particles (PM10) is 150 µg/m3, after 

comparing the results obtained in the two monitoring campaigns, it was confirmed that 

in the monitored period all data collections were below the limit established in the 

regulations. 

Respirable Particles (PR - PM2.5) 

Considering the limit established in Resolution n. 259/2015, whose maximum 

concentration in the 24-hour period of Respirable Particles (PM2.5) is 30 µg/m3, after 

comparing the data obtained in the two monitoring campaigns, it was revealed that all 

the collections of Point 01, and one collection of Point 02, presented concentrations 

above the regulations. It is possible that this is material associated with re-suspension 

of particulate matter from unpaved roads and emissions from vehicles running on diesel 

fuel. Other data obtained showed concentrations below the limit established by the 

aforementioned resolution in the monitoring period. 

According to GEOAVALIAR, the difference observed in the premises has its origin in 

circumstances around Point 01, in Concepción, Paraguay. That monitoring point has 

unpaved public roads and is largely diesel-fueled vehicles. Thus, the phenomenon of re-

suspension of particulates and vehicle emissions contribute by the addition in the 

analyses performed, since Points 02 and 03 are located respectively in a small 

jurisdiction and rural area and show little or no influence on the events verified. 

SO2 - Sulfur Dioxide 

Considering the limit established by Resolution n. 259/2015, and the maximum 

permitted 24-hour concentration of Sulfur Dioxide (SO2) of 20 µg/m3, after comparing 

the results obtained in the two monitoring campaigns, the concentration below the 

regulatory limit was verified, because it was not detected. 

NO2 - Nitrogen Dioxide 

Considering the limit established by Resolution n. 259/2015, and the maximum 

permitted 1 (one) hour concentration of Nitrogen Dioxide (NO2) of 200 µg/m3, after 

comparing the data obtained in the two monitoring campaigns, it was verified that all 

data collected were presented below the limit, once the parameter was not detected. 

O3 - Tropospheric Ozone 

It is verified that the data obtained in the two monitoring campaigns presented data 

below the limit established in Resolution n. 259/2015 whose average concentration of 

8 (eight) hours is 120 µg/m3. 

CO – Carbon Monoxide 

The results obtained in the two monitoring campaigns were below the limit established 

by Resolution n. 259/2015, whose 8 (eight) hour average concentration is 10 µg/ m3. 
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H2S - Total Reduced Sulfur and Hydrogen Sulfide 

There is no reference to emission limits for these parameters in the technical literature. 

Therefore, the control body must establish a comparison between the data obtained and 

international environmental regulations. 

According to Geoavaliar, in Point 03 of the first campaign, possible sources of hydrogen 

sulfide pollutant emissions through lagoons and water wells containing vegetation in 

the process of eutrophication and putrefaction were verified in the location near the 

monitoring equipment and devices. From that consideration it’s possible to consider the 

emission of hydrogen sulfide originated from the Anaerobic Digestion process (process 

of conversion of organic matter in conditions of absence of oxygen), are employed 

inorganic electron acceptors such as NO3 (reduction of Nitrate), SO4 (reduction of 

Sulfate) or methane formation (CH4). Anaerobic digestion can be considered as an 

ecosystem of different groups of microorganisms that are in interaction to convert 

complex organic matter into methane, carbon gas, water, hydrogen sulphide and 

ammonia gas, and other new bacterial cells. It should be noted that the results obtained 

are expressed in micrograms per cubic meter of air collected, and any source of 

contribution in the vicinity is capable of significantly altering the results. 

In the second campaign, it was observed that the contaminants Hydrogen Sulfide and 

Total Reduced Sulfur are below the odour perception limit for H2S by the IFCS (6.55 

µg/m3). 

VOCs - Volatile Organic Compounds 

The results obtained are significantly below the American Conference of Governmental 

Industrial Hygienists (ACGIH) average daily value for toluene exposure of 20 ppm. The 

comparative value was adopted since Resolution n. 259/2015 does not state a standard 

for that contaminant. 

9.4 Noise 

This item presents the results of the Environmental Noise Monitoring Report for the 

area surrounding the PARACEL pulp mill in Concepción - Paraguay, and aims to verify 

the environmental sound pressure level present in the area, prior to the implementation 

and operation of the plant (background levels). 

The research work (in the field) to measure environmental sound pressure levels was 

carried out by the Pöyry team on October 24th and 25th, 2019. 

Environmental sound pressure levels were measured at 05 different points in the day 

and night period, covering 10 measurements. The values obtained were compared with 

the limits established by the Law for the Prevention of Noise Pollution (Law n. 

1,100/97). 

The complete report is presented in ANNEX I of this document. 

9.4.1 Relevant Law 

Law n. 1,100/1997 aims to prevent noise pollution on public roads, squares, parks, 

sidewalks, exhibition halls, meeting centers, sports and social clubs and in all public 

and private activities that produce noise pollution in Paraguay. 
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Article 9th of the aforementioned law establishes the noise limits, according to the type 

of environment, as shown in the table below. 

Table 3 – Noise limits established by Law 1100/97 (in decibel “A” dB (A)) 

Environment 
Night 

(20:00 – 07:00) 

Day 

(07:00 – 20:00) 

Day 

(Occasional 

peak) 

(07:00 – 12:00 / 

14:00 – 19:00) 

Residential areas, specific use, 

public spaces: recreation areas, 

parks, squares and public roads 
45 60 80 

Hybrid areas, transition areas, 

city center areas, specific 

programs, service areas and 

public buildings 

55 70 85 

Industrial area 60 75 90 

The article 9th states:  

‒ Occasional Peaks: discontinuous noises and sounds that exceed the permitted 

levels and occasionally occur during the day, with a maximum of twenty peaks 

per hour. This noise and sound level will only be permitted at the following 

times: from 7:00 to 12:00 and from 14:00 to 19:00;  

‒ The residential, mixed and industrial areas are those that will be defined in the 

regulatory plan of each Municipality with their characteristics and established 

activities. 

The noise level guidelines, according to the World Bank Group General EHS 

Guidelines is shown in the table below. 
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Table 4 – Noise limits established by World Bank Group General EHS Guidelines 

Receptor 
Daytime 

(07:00 – 22:00) 

Nighttime 

(22:00 – 07:00) 

Residential; institutional; 

educational 
55 45 

Industrial; commercial 70 70 

 

9.4.2 Locations of point analysis 

To define the measurement points, the area around the PARACEL pulp mill was 

considered, prior to implementation and operation (background).  

A total of 05 (five) different points were defined for the measurement of the sound 

pressure level in the environment, in the daytime and nighttime periods, totaling 10 

measurements, as described in the following table. 
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Table 5 – Points of analysis for environmental noise pressure.  

Point Place 

Coordinates 

Latitud Longitud 

NO01 Cerrito 23°15'4.62"S 57°29'36.53"O 

NO02 Horno Carbón 23°13'31.85"S 57°29'33.20"O 

NO03 Policía Laguna 23°12'4.55"S 57°27'20.60"O 

NO04 Pyrendá 23°14'23.26"S 57°26'19.28"O 

NO05 San Miguel 23°16'27.03"S 57°27'25.65"O 

The following figure shows the map with the location of the 05 measurement points, 

while the other figures show images of each measurement point. 
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Figure 31 – Map of the location of the 5 ambient sound pressure level measurement points. Source: altered 

from Google Earth (2021) 
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Figure 32 – Point NO01 (23°15'4.62"S; 57°29'36.53"O). Source: Pöyry 

Tecnologia (2019) 

 

  

Figure 33 – Point NO02 (23°13'31.85"S; 57°29'33.20"O). Source: Pöyry 

Tecnologia (2019) 

 

  

Figure 34 – Point NO03 (23°12'4.55"S; 57°27'20.60"O). Source: Pöyry 

Tecnologia (2019) 
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Figure 35 – Point NO04 (23°14'23.26"S; 57°26'19.28"O). Source: Pöyry 

Tecnologia (2019) 

 

  

Figure 36 – Point NO05 (23°16'27.03"S; 57°27'25.65"O). Source: Pöyry 

Tecnologia (2019) 

9.4.3 Methods 

The measurement methodology was based on the instructions of NBR 10.151/2019 

(from Brazil). The evaluation method consisted in measuring the equivalent sound 

pressure level (LAeq) in A-weighted decibels, commonly called dB(A), as 

recommended in chapter 1.3 of NBR 10.151/2019. 

The measurements had been performed at points located about 1.2 meters from the 

ground and at least 2.0 meters from the property boundary and from any other reflective 

surface, such as walls, barriers, etc. 

The time for measuring the ambient sound pressure level was 3 minutes for each point 

sampled. During the measurements, wind protection from the microphone was used. 

The evaluation of the sound pressure was made in the 2 periods recommended by NBR 

10.151/2019, that is, day and night periods. 
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9.4.4 Equipment 

The characteristics of the sound level meter and acoustic calibrator used in this 

monitoring are presented below. The certificates are presented in VOLUME IV - Noise 

Monitoring Report. 

Characteristics of the sound level meter device  

‒ Model: Decibelimeter DT-8852 

‒ Norm of Reference: IEC 61672-1 Class 2  

‒ Precision: ± 1,4 dB  

‒ Frequency Ray: 31.5 Hz ~ 8 KHz  

‒ Dynamic scale: 50 dB  

‒ Memory data: 32.700 data 

‒ Scale levels:  

o Lo (low): 30 dB ~ 80 dB  

o Med (medium): 50d B ~ 100 dB  

o Hi (high): 80 dB ~ 130 dB  

o Auto: 30 dB ~ 130 dB  

‒ Frequency shift: A/C  

‒ Time shift: “fast” (125 ms) and “slow” (1s) 

‒ Microphone: 1/2 inch with eletrical capacitor 

‒ Resolution: 0,1dB  

‒ Serial number: 150622900 

‒ Calibration certificate n. 3547 

‒ Calibration date: 08/03/2018 

Characteristics of the acustic calibrator  

‒ Model: Calibrator SC-05 

‒ Norm of Reference: IEC 60942 Class 2 

‒ Noise pressure levels outlet: 94 dB e 114 dB 

‒ Frequency outlet: 1.000 Hz ± 4% 

‒ Precision: ± 0,5 dB 

‒ Serial number: 150621430 

‒ Calibration certificate n. 3885 

‒ Calibration date: 07/03/2018 
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9.4.5 Results and Conslusions 

The results of the sound pressure level measurements at the 05 measurement points and 

the comparison with the limits defined by Law n. 1,100/97 are presented below. 

The location of the PARACEL pulp mill has no defined zoning. Therefore, the 

comparison of the results will be made within the limits of the Mixed Areas and 

Industrial Areas stated by Law n. 1,100/97; and World Bank Group General EHS 

Guidelines references. 

Table 6 – Results of environment sound pressure level measurements 

Point 

Distance 

from the 

pul mill 

(km) 

Period Time 

Law n. 1,100/97 

(legal standards) 

World Bank Group 

General EHS Guidelines 
Results 

 LAeq 

(dB(A)) Mixed 

area 

Industrial 

area 

Residential; 

institutional; 

educational 

Industrial; 

commercial 

NO01 - 

Cerrito  
0,0 

Day 12:11 70 75 55 70 43,1 

Night 20:36 55 60 45 70 35,0 

NO02 - 

Horno 

Carbón 

1,0 
Day 10:58 70 75 55 70 50,7 

Night 21:00 55 60 45 70 38,8 

NO03 - 

Policía 

Laguna  

4,9 
Day 10:38 70 75 55 70 43,1 

Night 21:20 55 60 45 70 50,2 

NO04 - 

Pyrendá 
4,1 

Day 10:16 70 75 55 70 34,5 

Night 21:48 55 60 45 70 35,9 

NO05 - 

San 

Miguel  

3,2 
Day 09:50 70 75 55 70 43,5 

Night 19:35 55 60 45 70 46,9 

The results of the environmental sound pressure level measurement in the area near the 

PARACEL pulp mill were between 34.5 dB(A) and 50.7 dB(A) during the daytime 

period; and between 35.0 dB(A) and 50.2 dB(A) during the nighttime period. These 

results are below the limits of the mixed and industrial areas, defined in Law n. 

1,100/97. 

The measurement points are located in houses up to 4.9 km away from the site where 

the PARACEL pulp mill will be located. In this campaign, which was intended to define 

the background of the area, the highest results, in the day and night periods, originated 

from the sounds emitted by animals, birds and the movement of people and vehicles. 

9.5 Geology 

From a geological point of view, Paraguay is located on two different formations: the 

Brazilian shield and the Andean Depression, which largely correspond to the regions 

already mentioned. The eastern region is more diverse in its origin, with formations 

originating in the Mesozoic, Paleozoic and even the Agnostozoic, one of the oldest 

formations, while the whole of the Chaco territory, with few exceptions, corresponds to 
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Tertiary layers, with relatively recent geological ages between two and 65 million years 

(DBEnvironnement, 1999). 

The following figure presents a synthesis of the geology of Paraguay and the 

stratigraphic column of the geology of Paraguay. The regional geological 

characterization and the areas of influence of the PARACEL pulp mill are presented 

below, with data from the website of the Vice-Ministry of Mines and Energy. 

 

Figure 37 – Synthesis of the Geology of Paraguay. Source: González, 2000 
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Figure 38 – Tectonic-Stratigraphic Column of Paraguay. Source: González, 2000 

9.5.1 Regional Characterization (IIA) 

9.5.1.1 Chratonical Provinces 

The Chrathonic Provinces of Paraguay are located mainly in the Eastern Region and 

occur in two distinct areas. One to the north in the border area with Brazil, called the 

Province of Rio Apa and the other, the Province of Rio Tebicuary in the Central-South. 

 

confidential

confidential



109001759-003-0000-E-1501 
 

47 
 

  

 

 

Both provinces are formed by chronic blocks that include the oldest units with 

Paleoproterozoic ages, Meso Proterozoic Folded Belts and Neoproterozoic-Eocambrian 

platform units. 

The Apa River Block is made up of the homonymous complex and is represented mainly 

by gneiss, mafic and leukocratic, granite-gneiss, metasediments and granitic-pegmatic 

intrusives of Lower to Middle Proterozoic age and the Centurion Magmatic Suit 

corresponding to thick granite-type plutonic-volcanic rocks, sometimes porphyritic and 

acidic to intermediate pyroclastic metavolcanic rocks, of Middle Proterozoic age (K/Ar 

1,650 ± 63 Ma). 

The Apa River Complex is disproportionately covered by carstic metasedimentites of 

the San Luis Group, in its western portion, while in the eastern part it is superimposed 

by carbonate-classic rocks of the Itapucumi Group of Vendian age. Both units, in turn, 

are intruded by plutonic igneous and intermediate acidic volcanic rocks called San 

Ramon Magmatic Suites. This last magmatism is considered a non-detectonic event of 

the Brasiliano Cycle. 

The Province of Rio Apa is mainly a producer of limestone, calcite, dolomitic and 

marble. It also presents anomalies of metallic minerals such as Ag-Pb-Zn and tin; in 

addition, there are quartz veins, pegmatites carrying large sheets of muscovite and other 

pegmatites carrying tourmaline and beryl. 

 

Figure 39 – Craton of Apa river. Source: website Geología del Paraguay 

The Rio Tebicuary Block located southeast of Asuncion is represented by three 

lithostratigraphic units: Rio Tebicuary Complex, Paso Pindó Group and the Caapucu 

Magmatic Suite. 

The Tebicuary River Complex includes two units: the Villa Florida Metamorphic Suite 

and the Centu-Cué Granodiorite. The first one gathers a set of crystalline rocks affected 

by regional metamorphism of medium to high degree, within the amphibolite and 
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granulite facies, of Lower Proterozoic age, Transamazonian Cycle (2,000 ± 200 Ma). 

Lithologically, this unit is constituted by paragneis and orthogneis, associated with 

quartzite, chalcosilicate, marble, amphibolite and ultrabasic rocks, transformed into talc 

shale and serpentinite. On the other hand, the second unit is represented by intruded 

porphyritic acid rock in the gneisses. This last event evidences intense deformations 

during the synthetodetectonic phase of the Trans-Amazonian Cycle, generating folding, 

migmatization and fracturing. 

 

Figure 40 – Craton of Tebicuary river. Source: website Geología del Paraguay 

The Paso Pindó Group takes a divergent position on the Tebicuary River Complex. This 

unit, made up of silica sediments and volcanic-clastic sediments, has been affected by 

a low grade metamorphism (easy from green shales), during the Brasiliano Cycle, in the 

Upper Proterozoic (± 600Ma). 

The Caapucu Magmatic Suite intrudes in the post-tectonic phase of the Brasiliano Cycle 

to the Tebicuary River Complex and the Paso Pindó Group. This acidic magmatic event 

is constituted by rocks with several emplacement levels (plutonic, hypoabyssal and 
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effusive), mainly from coarse to porphyritic granites, granite/rhyolite porphyry and 

rhyolite, of Rb/Sr 531 ± 5 age (Cubas et al. 1997). 

Small isolated occurrences of granitic rocks in the Caapucu Magmatic Suite, occur in 

the center of the Eastern Region, associated with the structuring of the Asuncion Rift. 

With regard to tectonics, the Tebicuary River Block can be divided into two main 

events: the Trans-Amazonian Cycle (Tebicuary River Complex) and the Brazilian 

Cycle (Paso Pindó Group and Caapucú Magmatic Suite). 

9.5.1.2 Phanerozoic Basin 

The Phanerozoic in Paraguay is represented by two large basins: Chaco Basin and 

Parana Basin. In them, sedimentary sequences of ages: Ordovisic/silurian constitute the 

deposition base, in the marginal zone of the Paleo-Pacific Plate, before the subduction 

with the Gondwana continent. 

9.5.1.2.1 Paraná Basin 

The Paraná River Basin covers a vast area of the South American continent, 

approximately 1,500,000 km2, occupying parts of southern Brazil, northeastern 

Argentina, eastern Paraguay and northern Uruguay. With its major axis oriented in the 

NNE-SSW direction and its structural depocenter located along the Paraná River, with 

a record of sedimentary and volcanic rocks, whose total thickness exceeds 7,000 meters. 

In Eastern Paraguay, six wide-scale sedimentary sequences or super sequences are 

recognized, separated from each other by regionally discordant surfaces (MILANI, 

1997). 

The first super sequence of Ordovician/Silurian age is found in discordant contact on 

the crystalline basement, observed east of Asunción, in the Acahay Valley and 

bordering the northeast of the Tebicuary River Block. This is a group of sedimentary 

rocks deposited in a continental environment that is morphologically abrupt, in lateral 

contact with a transgressive sea, which reaches the maximum flooding in the Lower 

Silurian. In its coastal environment it deposits conglomerates, interspersed with 

conglomerate sandstones, which gradually turn into sandstones, forming a group of 

thick clastic rocks called the Caacupé Group. Concurrently, the sequence continues with 

clastic rocks of the Itacurubi Group, mainly made up of fine sandstones, shales and 

claystones, highly fossiliferous, constituting the geochronological supports of the 

sequence, with the inferior Silurian llandover age. 

Devonian-age rocks are arranged in discordance with the previous one, in continental 

and marine deposits. Rocks of marine origin were not directly observed in the field, 

being identified only in the Asunción 1 and 2 exploratory wells (PECTEN, 1982), in 

which about 450 meters of these sediments were described. Those of continental origin 

rest in erosive discordance on the Silurian fossiliferous units. These have been first 

identified in wells and called Santa Elena Formation (GONZÁLEZ ET AL., 1994), later 

geological mapping works defined coarse sandstones as belonging to this unit, calling 

them Arroyos and Esteros Formation (DIONISI, 1999). 

The deposition of the Devonian sequence is interrupted by continental readjustment 

tectonism (Eoherceric Orogenia). This event is responsible for the restructuring of the 

basin in the Lower Carboniferous, with sedimentation resuming from the Upper 

Carboniferous (Stephaniano), as the third Carboniferous/Permian super sequence. It is 

confidential

confidential



109001759-003-0000-E-1501 
 

50 
 

  

 

 

environmentally influenced by very varied climatic conditions, beginning under glacial 

and periglacial dominance, depositing the Aquidaban and Coronel Oviedo formations, 

as a succession of continental and marine clastic sediments. The Permian deposits, in 

regional agreement, sediments of continental wind and fluvial, coastal and marine 

environments, which in a lithologic point of view are characterized by sandstones, 

siltstones, claystones and limestones, which agglutinate in the Independencia Group. 

The continentalization of the Paraná Basin from the Upper Permian, in the Triassic, 

deposited continental fluvial and eolian sandstones, called Misiones Formation. This 

group is distributed in a north-south strip, deposited in discordance on 

carboniferous/Permian rocks. 

The Misiones Formation windsand sandstones are characteristically quartz sandstone, 

homogeneous, with little clayey material as a matrix, little cemented, friable, saccharine 

and locally silicified. Overlying and interspersed with the aeolian sandstones there are 

intrusions and extrusions of basaltic rocks of the Upper Parana Magmatic Suite. These 

are presented as lava spills, sills and dikes in sediments of the pre-existing units, in 

preferential northwest-southeast directions. Petrographically the basaltic rocks show a 

subophytic texture, joint crystallization of pyroxene and plagioclase, of age between 

127 and 108 million years. The upper divergent contact of the suite is deposited 

sandstones of the Acaray Formation and/or quaternary sediments. 

9.5.1.2.2 Del Chaco Basin 

The Chaco Basin is bounded on the west by the Andes Mountains and on the east and 

northeast by the Brazilian shield; it occupies an area of 246,725 km2, in the Western 

Region of Paraguay. It is a pericratonic basin, formed by several depocenters or sub-

basins separated by structural highs, each one of them with a unique tectonic-

sedimentary record. To the NW the Curupayty and Carandayty sub-basins are 

accommodated, both representing areas with well-developed Paleozoic sequences. On 

the other hand, Mesozoic-Cenozoic subsidence areas occur mainly in the Pirity and Pilar 

sub-basins. The tectonic style of the Chaco Basin is characterized by the presence of 

NW and NE structural guidelines of Brazilian age. Later reactivations of these 

structures, during the Paleozoic, result in the characterization of four subsidence cycles: 

Lower Paleozoic, Upper Paleozoic, Upper Mesozoic and Cenozoic. The phases are 

separated by erosive discordances or absence of sedimentation. 

The sedimentary cycle of the Lower Paleozoic is represented by continental and marine 

clastic deposits of Ordovician, Silurian and Devonian ages. The Ordovician-age 

sediments (Cerro León Group) are preserved in depth in the Carandayty sub-basin. In 

contrast, occurrences of sedimentary rocks attributed to the Silurian and Devonian are 

presented in the northwestern portion, associated with high structures (Cerro León and 

San Alfredo Range). 

The sedimentary cycle of the Upper Paleozoic, carboniferous/permian sequence, 

constitutes the Group “Palmar de las Islas”, mainly composed of deposits in the 

Carandayty and Curupayty sub-basins, as well as some outcrops in the northern portion 

of the Chaco, associated with the Alto de Lagerenza. The Carboniferous age sediments 

are composed of two units, a lower one or San José Formation, made up of sandstones 

combined with claystones, sticks and diamictites. The upper unit or Cabrera Formation, 

starts with local conglomerates and mainly sandstones, with higher levels of clay and 

oolitic limestone. 
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The Mesozoic/Cenozoic unit, called the Adria Jara formation, is composed of 

sandstones with conglomerate levels and claystone, found mainly in the Curupayty sub-

basin, in erosive discordance on carboniferous sediments. 

On the other hand, the Mesozoic-Cenozoic sediments in the Pirity sub-basin comprise 

three formations: Berta, Palo Santo and Santa Barbara. The first is made up of 

sandstones interspersed with claystone, the second is made up of intercalations of 

conglomerate sandstones, sandstones, claystones, marls and evaporites; finally, the 

Santa Bárbara Formation consists of sandstones, siltstones, claystones, evaporites and 

calcareous. 

In the Pirity sub-basin there are magmatic rocks of basaltic composition of Lower 

Cretaceous age (128 ±5 Ma). 

During the Lower to Middle Eocene, between 500 and 1,000 meters of continental 

sediments were deposited in several depots of the Chaco Basin, in marine parts, called 

Chaco Formation. In general, this formation consists of alternating sandstones, silts and 

claystones. 

The Quaternary period in the Chaco Basin is a continuity of the Chaco Formation 

sedimentation, with heterogeneous continental deposits. 

9.5.1.3 Alkaline Magmatism 

The alkaline rocks of Paraguay occur in various parts of Eastern Paraguay distributed 

in six provinces: Alto Paraguay, Rio Apa, Amambay, Central, Asuncion and Misiones, 

these rocks are tectonically associated with extensional structures (continental rifts, 

intersection of structural lines and lines in areas of chronic margins), which affected the 

western portion of the Parana Basin in the Mesozoic. The alkaline provinces of 

Paraguay differ from each other in their petrographic, chemical, geochronological and 

tectonic characteristics. 

The petrographic composition of these rocks presents great variation, with greater 

predominance of alkaline silica rocks, unlike carbonatite rocks which are restricted to 

only one province (Amambay Province). Chemically, the silicatic lithologies vary from 

ultrabasic to acidic and in general represent differentiated petrographic terms. As for 

the Na/K ratio they can be differentiated in sodium alkaline provinces and potassium 

alkaline provinces. 

Evidence from geology and geophysics indicates that the conditions of alkaline rocks 

in Paraguay are strongly controlled by a distensional tectonics developed during the 

Mesozoic, related to the fragmentation of the Gondwana and opening of the South 

Atlantic 

In terms of geochronology, these rocks cover a wide age spectrum extending from 255 

million years to 39 million years. 

In general, alkaline rocks are associated with Paleozoic-Mesozoic sediments and are 

covered by recent alluvial deposits. 

The mode of occurrence is also quite diversified and varies from province to province. 

The intrusive forms appear as annular complexes (Alkaline-Carbonate Complex) and 

stocks. The extrusive forms include lavas, domes and plug and the hypoabyssal forms 

generally in the form of embankments or swarms of embankments. 
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9.5.2 Local Characterization (DIA) 

The PARACEL pulp mill is inserted in 3 different groups, which are C - Coronel 

Oviedo, Q1 - Quaternary Sediments and Ms - Missions Group, as shown in the map 

below. 
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Figure 41 – Geology map of the influence areas 
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9.5.2.1 C – Coronel Oviedo Group (Independencia Group) 

The group is made up of the San Miguel and Tacuary formations, of Permian age, which 

emerge in Eastern Paraguay in an area of 7,996 km2. The name Independencia Serie 

was used by Harrington (1980), to designate the sedimentary layers of the upper 

Permian. In 1956, the same author designated the same unit of the Independencia 

Formation, (ECKEL, 1959) he again used the denomination Independencia Series in a 

Gondwana or Santa Catarina system. Putzer (1962) called the Permian age layers the 

Passa Dois Serie. 

In the description of the geology of grid 41, Coronel Oviedo (ANONYMOUS, 1966), 

the lower and middle Permian-age layers are called the Ybytyruzú Series, divided into 

the Pañetey and Independencia Formations. Wiens (1982) proposes for the Permian the 

division into San Miguel, Tacuary, Tapytá and Cabacuá formations. In the preliminary 

adaptation of the stratigraphic column of Paraguay, for the PAR-83/005 Project, these 

formations were gathered in the Independencia Group. In this explanatory text the 

Independencia Group is divided into the San Miguel and Tacuary formations with the 

elimination of the Tapytá and Cabacuá formations which, in reality, belong to the base 

of the Triassic/Jurassic age unit. 

The group emerges maintaining the direction of the so-called Gondwanic layers, N-

S/NNW-SSE, with dipping towards the E, in areas that are frequently faulty. North of 

the Jejuí/Aguaray Guazú Fault zone, in the Alto Apa, the Group is absent due to erosion 

in the Lower Triassic. The formations of the group are correlated with the units of the 

groups Guatá and Passa Dois, in the Paraná Basin, in Brazil. 

9.5.2.2 Q1 – Quaternary Sediments - San Antonio formation 

The accumulated sediments are grouped here, near the area of the Paraguay River and 

its tributaries, which are at a lower elevation of 70 meters, in the eastern region of the 

country. It covers an area of 60,782 km2. It is made up of a light creamy sandstone, of 

medium to coarse granulation with scattered gravel, interspersed with shales. The 

sandstones, in contact with these shales, present clay clasts. There are also layers of 

clayey sandstones up to 1.5 metres thick. The sedimentation environment is essentially 

water-based (fluvial). 

In Candú Creek, on the property of Señor Virgilio Larrea, there are vertebrate fossils 

that were described by Presser and Crosa (1984). These fossils found in the described 

place, in the locality of Ytororó, are contained in a sedimentary succession described by 

the mentioned authors as: 

− Blue-green sediments, with good selection, predominance of medium-grained 

sands, apparently solid, associated with clay sheets; 

− Poorly selected sediments with a predominance of medium to thick sand and 

secondary layers of clay. They present levels with fossils in contact with the 

previous sequence and; 

− Spotted sediments, with good selection, with medium grain sands and 

subordinate fine sands and clay. Apparently massive. 

According to the same authors, the fossils found are typical of a Pleistocene fauna and 

present three species of Glyptodonts, two of Lestodontes and one of Megatherion 

associated with other vertebrates not clearly systematized. 
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The name San Antonio formation is formally proposed for the lithostratigraphic 

designation of these sediments, based on a proposal by Palmieri and Velazquez (1982). 

In the valleys of the current drainage network of Eastern Paraguay, from the Apa River 

in the north to the Paraná River in the south and east, and the Paraguay River in the 

west, there is an extensive deposition of Holocene age sediments. 

9.5.2.3 Ms – Missiones Group 

The sediments of the Misiones Fm. have emerged in Eastern Paraguay according to the 

same structural direction of the previous Gondwanic units. It covers an area of 

approximately 35,000 km2. The basal contact is by erosion discordance with the 

Carboniferous and Permian units. 

The Misiones Fm. represents the diverse sub-environments of a great climatic desert of 

increasing aridity, whose existence was prolonged until the basaltic volcanism of the 

Trapp of the Paraná. 

The winds that moved the desert dunes came from the north to the northeast of the 

source. 

The Misiones Fm. is characterized by red sandstones of Mesozoic age, in which ancient 

units edge with a very subtle erosive disconformity, not recognizable at the surface 

level. 

To the north of the Jejuí/Aguaray Guazú fault, the lower contact is over sediments of 

the Aquidabán Fm. (Permian-Carboniferous) and to the south of this structural element, 

with the Permian Tacuary Fm. The roof of the formation, throughout the country, is 

covered in erosive discordance by the basalts of the Upper Parana formation (Jurassic-

Cretaceous). 

In the geological map this formation is represented by a discontinuous strip of 

protrusions where the North (Pedro Juan Caballero), to the South, in the region of San 

Juan Bautista. It also appears inside the basaltic "plateau", as in the area adjacent to the 

Paraná River, between Encarnación and Trinidad (Route 6). The formation has two 

sedimentary layers, one of fluvial origin and the other, predominantly of wind origin. 

The sedimentary layer in the river environment occupies preferably a basal part of the 

formation, but it can also be found in the sandy sediments of wind origin. This basal 

layer (facies) is made up of essentially solid sandstones, locally with crossed 

stratification, fine to medium grain and interspersed clayey layers. There are also 

conglomerate levels or breccias with clay clasts, siltstone and shales, with a small lateral 

continuity of the sandy bodies. 

The basal part thus represents a facies of alluvial plains associated with a river 

environment. This section of the formation was divided by Wiens (1982), into two 

formations, called Tapyta and Cabacuá, with about 325 meters thick and its definition 

was made based on in-depth descriptions. In the Paraná Basin, a fluvial depositional 

phase associated with the base of the Misiones Formation has been known for a long 

time. Sometimes this basal fluvial phase is separated into a specific formation, as in 

Brazil, the Pirambóia Formation. At regional level this separation in mapping becomes 

difficult to demonstrate. Taking into account a good aquifer and the maps distinguishing 

the two formations, it is concluded to erroneous interpretations. More detailed studies, 

especially in groundwater prospecting, show that the two units, river and wind, are 

interdigitated. 
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The wind part is characterized by a remarkable bi-modality in the granulometric 

distinction in blades of a few millimeters. They present larger cross stratifications with 

crossed "sets" starting with grains of 500-700μ and ending with 177-250μ. In the region 

of Colonia Independencia, in the locality called Salto Boni, you can observe sandstones 

with bimodal granulation (350-500μ and 500-710μ) with wide sets of crossed 

stratification, with more than 4 meters long by 1.5 meters high. The sandstone is 

strongly silicified and has an intrusive saddle at the bottom. The slope of the strata is 

between 10 and 20° and the face of the escarpment is exposed to about 25 meters in 

height. Under the intrusive body, the sandstones show sets of crossed strata over 12 

meters long and up to 3 meters high. 

The Misiones formation is transgressive over all other sedimentary units in the basin, 

including the Crystalline Basement. This transgressive is due to extensive tectonic 

movements of a vertical nature, which devastated the basin at the end of the Permian or 

at the beginning of the Triassic, caused simultaneously by the fragmentation of the 

Pangaea and the uplift of the Paleozoic Andes (Permo-Triassic). The sedimentary 

environment, predominant for this formation (wind), is also an important factor in the 

transgressive character, especially because of the advance of the sand dunes over the 

paleo-topography. 

Locally, it may present conglomerate layers at its base, made up of quartz and quartzite 

cobbles, as in the vicinity of San Juan Bautista, never exceeding 2 meters (GÓMEZ 

DUARTE, verbal information). 

These layers can also run along the column next to more fluvial facies. The edges 

commonly show wind work, all of them being quite polished (result of wind erosion). 

The Triassic age, proposed for the beginning of the sedimentation of this unit, is based 

on the contact of this formation with the lower unit, Tacuary Formation, well described 

in the literature on this matter, in the Paraná Basin. In the E margin of the Basin, the 

contact zone is characterized by a level of fossil regolith (fossil soil) indicating, in its 

conformation, an almost gradual passage towards different sedimentation conditions. 

Towards the interior of the basin, the passage is transitional. On the W margin of the 

basin, in Eastern Paraguay, the contact between the Tertiary Formations and Misiones 

can be observed on the Mbocayaty route and Colonia Independencia, 17 km from the 

first city, on the route and on a lateral road that starts in this place. 

At this point, the base of this unit (Misiones formation), presents clayey sandstones with 

crossed stratification and clasts of shales from the Tacuary Formation, in the "foresets" 

of the crossed strata. The granulometry of the sandstones that carry the shale clasts is 

between 250-350 μ and between 500-710 μ for the sandstones with crossed 

stratifications of greater size. However, the area is very faulted these sandstones with 

shale clasts of the oldest unit constitute a basal breccia of the Misiones formation, well 

described in the fossil regolith level of the basin. As in Eastern Paraguay, the Misiones 

formation is crossed by alkaline intrusions from the Upper Jurassic, a Triassic - Jurassic 

age is admitted for this formation. In the front of the cliffs covered by the Alto Paraná 

formation (basalts), as in the Northern (area of Pedro Juan Caballero and Capitán Bado) 

and Central regions (area of the Cordillera and Ybytyruzú), the erosion that continues 

in the front of the cliff provides a great amount of sand grains of this formation, which 

is going to be deposited in the adjacent low area, making that an extensive sandy cover 

is formed, frequently confused, in mapping works, with the Misiones formation. 
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9.5.3 Geological characterization of DAA 

In May 2020, the Paraguayan company GEOSTAN GEO-ENGINEERING carried out 

25 surveys in the area of the PARACEL (DAA) pulp mill. 

In general, studies at depths of 15 to 20 meters show a constant stratigraphy composed 

of layers of sand and sandstone in different degrees of alteration. 

In the first 4 meters, the profile often presents a layer of silty sands in gray, yellow or 

brown, with low resistance and SPT (Standard Penetration Test) values between 6 and 

11 meters. 

In the sequence, new layers of silty clay sand are found, with significantly higher 

strengths (16 ≤ SPT ≤ 72) or, still, sandstone layers with thicknesses greater than 4 

meters interposed to the main layer or continuous up to the drilling limit. 

The water level was not reached in 20 of the 25 wells, up to the drilling limit. It should 

be noted that, in order to obtain more information on the water level, mechanized 

excavations will be carried out in the project area. 

The following figures show the location of the drilling points and also a stratigraphic 

profile of one of the points (as an example) where it was possible to reach the water 

level (SM5). 
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Figure 42 – Location of drilling points 
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7,428,679.8600

EAST COORDINATE

449,956.0681

450,035.3369

449,881.0575

450,018.3335

450,279.7255

450,128.5456

450,046.0631

450,234.7088

450,149.0097

450,263.8857

449,882.5707

450,024.0090

450,173.2194

449,667.5170

449,669.7808

449,833.2510

449,850.2326

449,927.6346

450,000.9159

450,500.0000

449,973.4728

449,852.1041

449,944.8036

450,193.5522

449,786.8386

449,946.4558

450,732.4581

450,844.3783

450,226.1047

450,000.0000

SPT-31 (NOTE 8)         7,428,420.9578                   450,324.6052

PERCUSSION DRILLING

PROBE

SB-01

SB-03

SB-04

SB-06

SB-07

SB-02

SB-05

SB-08

NORTH COORDINATE

7,430,271.4821

7,429,699.6898

7,429,827.8844

7,428,930.5798

7,429,912.6732

7,429,500.0000

7,428,664.9626

7,428,676.4803

7,429,028.8564

EAST COORDINATE

449,693.6408

449,946.9646

450,224.5607

450,654.4998

450,500.0000

450,650.1083

450,260.9695

450,004.6518

449,534.9940
SB-09

SB-10
7,428,594.1624

                   
449,479.0414

EM-03

EM-02

EM-06

449,693.6408

7,429,827.8844                  450,224.5607

449,946.9646

450,224.2436

MIXED DRILLING

PROBE

SM-01

SM-02

SM-03

SM-04

SM-05

SM-06

NORTH COORDINATE

7,430,267.0000

7,429,745.0000

7,429,695.0000

7,429,823.0000

7,429,198.0000

7,428,926.0000

7,427,414.0106

7,427,206.5208

7,426,678.9950
SM-09

SM-10                
7,426,256.7747

EAST COORDINATE

449,690.0000

449,649.0000

449,944.0000

450,221.0000

450,229.0000

450,651.0000

450,165.4044
SM-07

SM-08
448,911.2046

449,566.8453

449,880.3004

QUOTA

95.00

86.00

86.00

95.00

82.00

88.00

0.00

0.00

0.00

0.00

PROBE

EM-07

EM-04

7,430,271.4821

EAST COORDINATE
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Figure 43 – Stratigraphic profile of the probe point SM05 
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9.6 Geomorphology (Relief and Orography) 

The Paraguay River divides the country into two distinct regions: the Gran Chaco or 

Western Region in the west and the Jungle or Eastern Region in the east, which is 

considerably mountainous. The Gran Chaco is part - except for the western end - of an 

alluvial plain that extends from Paraguay to the bordering countries and is covered with 

grasslands, swamps and bushes. The jungle is formed mainly by the southern portion of 

the Paraná plateau, at an elevation of 305 to 610 m, which constitutes a basin where 

numerous tributaries of the Paraguay and Paraná rivers originate; and by the gentle 

mountain ranges that are part of the Brazilian system that penetrate this area, creating 

wild valleys. 

To the west, the plain drops precipitously into a region of hills covered with fertile 

pastureland that ends at the Paraguay River. The main mountain system is made up of 

the Amambay, Mbaracayú and Caaguazú mountain ranges, which have altitudes that 

rarely exceed 800 meters. Another secondary mountain system, located in the center of 

the country, is formed by the Cordillera de los Altos, Ybytypanema and the so-called 

Cordillerita. Among the most outstanding peaks are the Tres Kandú (842 m), Capii (816 

m) and Peró (815 m) mountains, all in the department of Guairá. Some authors consider, 

however, that Paraguayan territory is structured in three regions: the aforementioned 

Chaco and Selva regions, and the region known as Campo, which extends through the 

most depressed sector of the Paraguayan valley and the final stretch of the river courses 

that drain into it, that is, the central and southern area of the country. 

The following is a geomorphological characterization of the influence areas of the 

PARACEL pulp mill. 

9.6.1 Regional Characterization (IIA) 

Most of the Eastern region has a slightly undulating topography, with an elevation that 

varies between 50 and 750 meters above sea level. Its major orographic systems are the 

Amambay, Mbaracayú, Ybytyrusú and Caaguazú mountain ranges. The highest point is 

Cerro Pero (Cerro Tres Kandu), with 842 meters, located in the IV Department of 

Guairá.  

The western region has an average elevation of 130 m above sea level and its maximum 

height sporadically reaches 300 m and constitutes a flat plain, with a slight slope from 

the Andean counter-fronts. The slope of this vast plain over 550 kilometers long is only 

1%, from its most northern point towards the Paraguay River, containing isolated 

heights that do not belong to any system, such as Cerro León, Chovoreca and Jara and 

closer to the Paraguay River the Olimpo, Celina, Confuso, Galván, Siete Cabezas and 

Desolación. 

The following figure shows the topography map of Paraguay, highlighting the points of 

highest elevation. 
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Figure 44 – Map of Topography and Orography of Paraguay. Source: Godoy 

Araña & Gadea (2018) 

9.6.2 Caracterización Local (DIA y DAA) 

The topography of the areas of influence of the PARACEL pulp mill has plateaus and 

valleys, which are flat to almost flat lands that receive the drainage water from the high 

places, which are the hills and mountains.  

The valley is flanked by higher places and is narrower than it is long, while the plain, 

also called the "llanura", is a large area both wide and long (flatlands), further away 

from the high places. 

According to the Geology of Paraguay site, in the Department of Concepción, on Route 

n. 5, on the way to Pedro Juan Caballero, you can see Cerro Memby, which 

geomorphologically, according to its characteristics, would be assigned the name of 

Butte (isolated hills with cliffs). It is constituted essentially by red sandstones of the 

Triassic - Jurassic known as the sandstones of the Misiones Formation. To acquire this 

form, an intense material removal (erosion) had to have occurred in the course of 

geological time. 
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Below is the topography map in relation to the areas of influence of the PARACEL pulp 

mill (DAA, DIA and IIA). In addition, the most representative points of highest 

elevation are presented. 

Visual impacts 

The pulp mill will be located in the municipality of Concepción, about 15 km from the 

city center. City people may not see the impact on the landscape, however, everyone 

who lives nearby, or uses the roads and/or waterway near the company may feel the 

impact on the landscape. 

According to the environmental diagnosis, the existing agricultural routes and activities 

throughout the study area have historically already led to a modification of the 

landscape, favoring generalist species, rather than those more sensitive to changes in 

the environment. 

The area planned for the implementation of PARACEL's industrial unit is located in a 

rural area of the cattle activity, however part of the water intake area, effluent emissary 

and river port are located in areas of natural vegetation. 

Obviously, the industrial unit consisting of buildings, towers and chimneys will change 

the local landscape.  

To mitigate the impact on the landscape the project must be implemented to favor the 

integration of the plant with the environment, such as the implementation of tree 

curtains and reuse of the soil from earthworks in gardens within the industrial area in 

accordance with the Landscape Rehabilitation Program besides revegetation of riparian 

forests. 
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Figure 45 – Topography and orography map of the areas of influence 
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9.7 Edaphology (Soils) 

The soil we see around us has taken a long time, several thousand years, to form and 

acquire the characteristics and properties it has today. Soil formation depends on several 

factors. Firstly, any soil has first been a solid rock formed in previous geological eras, 

and on which numerous decomposition agents have been acting, such as water, gases in 

the atmosphere, living organisms and their remains. These agents have acted together 

and continue to do so over the years, breaking up and pulverizing the rocks, releasing 

chemical elements to form new compounds and providing organic remains (humus). 

Soil particles such as sand, silt and clay are the remnants of that initial rock. These, with 

the humus, house the chemical elements essential for the nutrition of all plants and by 

extension the animals that feed on them, thus contributing to the formation of more 

complex compounds, initiated by photosynthesis. 

As a result of these interactions and taking into account the great diversity of geological 

materials (rocks and minerals) that exist on the planet, a great diversity of soil types was 

produced, each with its own characteristics. Paraguay has a great variety of geological 

materials, which has given rise to a very notable diversity of soils. All these soils have 

been classified and inventoried considering the two natural regions of the country, the 

eastern and the western or chaco regions. The soils presented in this chapter group the 

soils according to the general physiography where they are found and their geological 

origins. 

9.7.1 Regional Characterization (IIA)  

The two natural regions of the country belong to well-differentiated geological basins: 

the eastern region is part of the great geological basin of the Paraná, while the western 

region or “chaco” is located in the most northern portion of another great geological 

basin, called the “chaco paranaense”. The figure below shows the two geological basins 

and the location of the country in them.  

The geological and geomorphological development of these basins resulted in very 

varied soil conditions, which, with the climatic gradients of precipitation and 

temperature, accommodated different ecosystems. Due to its central-southern location 

in the South American continent and because it is located in two geological basins with 

very different characteristics, the Paraguayan territory is the meeting place of several 

ecosystems, such as the Atlantic Forest of the Alto Paraná, the Cerrado, the high forests 

of the Central Forest, the low fields and wetlands of the Pantanal Chaqueño, those of 

the banks of the Paraguay River and those of the Ñeembucú, the extensive 

hydromorphic savannas of the depressed Chaco and the xerophytic forest of the Chaco, 

among the main ones that are found in the Paraguayan territory. 
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Figure 46 – Location of Paraguay in geological basins and in the Rio de la Plata 

river basin. Source: Fundación Moisés Bertoni (2007) 

In the eastern region is the most western edge of the Paraná geological basin. This 

border follows a flexure line located east of the current course of the Paraguay River. 

This river can be considered the border between the Paraná geological basin and the 

Chaco geological basin, although portions of the Chaco slightly penetrate the eastern 

region and vice versa. 

The figure also shows the limits of the Rio de la Plata basin, formed by the Paraná, 

Paraguay and Uruguay rivers. The geological basin line is different from the river basin 

line, thus illustrating the difference between geological basin and river basin. 

The national territory is almost equally divided between the two geological basins, 

which explains the division of the country into its two natural regions: eastern and 
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western. The following description of the soils follows this separation of its natural 

regions. 

9.7.1.1 Eastern Region of Paraguay  

According to the Moisés Bertoni Foundation (2007), the map below provides guidance 

by considering the physiography of the eastern region first and the geological origin of 

the soils second. The map has been adapted from the "Mapa de Reconocimiento de 

Suelos de la Región Oriental" (LÓPEZ, O. ET AL, 1995) to the Revised Soil Legend 

System of the FAO (United Nations Food and Agriculture Organization), of 1990, 

which is the official classification of the world's soils. The cartographic units of the 

Geological Map of Paraguay were used as a basis (FÚLFARO, V.J. AND D. 

ALVARENGA, 1986). 

By physiography, it is meant the natural topography of the land, such as mountain range, 

hills, valleys and plains. 

9.7.1.2 Paraguay's Western Region  

The physical characteristics of the western region or Paraguayan Chaco are very 

different from those of the eastern region, to such an extent that in spite of possessing 

61% of the country's surface area it is home to only about 2% of the human population 

and produces 3% of the agricultural crops. It is, however, a large producer of cattle and 

still maintains continuous masses of xerophytic forest (FUNDACIÓN MOISÉS 

BERTONI, 2007). 

The Paraguayan Chaco is located entirely in the northern part of the great geological 

basin of the Paraná Chaco. This geological basin has diffuse boundaries, determined by 

the very nature of a very extensive geographical basin, formed by active geological 

periods. It is a region that has not been studied with the detail of the eastern region, but 

certain knowledge has been acquired that allows its characterization. Its general 

physiography corresponds to a vast plain or prairie, whose general slope goes unnoticed 

by the human eye, except in certain areas towards the border with Bolivia. The slope of 

this plain is directed towards the Paraguay River, the common collector of the waters 

of existing watercourses. Despite its apparent uniformity, it is possible to distinguish 

several sub-regions (MAP OF CHACO SUB-REGIONS, 1986), with soil 

characteristics related to their geological past and current physiography. 

The figure below is an adaptation of the Soil Map of the Western Region (HOFFMAN, 

R. ET AL, 1999) and the Geological Map of Paraguay (FÚLFARO, V.J. AND D. 

ALVARENGA, 1986). 
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Figure 47 – Physiography and soil map of the Eastern Region of Paraguay. Source: Fundación Moisés Bertoni (2007) 
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Figure 48 – Physiography and soil map of the Western Region of Paraguay. Source: Fundación Moisés Bertoni (2007) 
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9.7.2 Local Characterization (DAA and DIA) 

The soils of Paraguay are fertile in the Chaco and of medium fertility in the Eastern 

region, predominantly Podzolic Soils (Ultisols), Structured Red Soils (Oxisols and 

Alfisols), Planosols (Alfisols), Quartz Sands and Lithosols (Entisols) and Solonetz 

(Aridisols). 

The aptitude of the soils of the Eastern region is predominantly agricultural, while in 

the Western region or Chaco it is predominantly pastoral, existing lands of forest 

aptitude and for environmental conservation in the two regions of the country. 

The areas of influence of the PARACEL pulp mill have basically two types of soil: 

sandy and clay (figure below).  

The sandy soils are suitable for forestry. Normally, this type of soil has little capacity 

to retain water, although it can improve depending on the concentration of organic 

matter it possesses. Water erosion has devastating effects on sandy soil.  

Clay soils are harder and heavier, dark red in color, and when wet they become 

extremely slippery precisely because of their ability to retain water. Clayey soils are 

excellent for agricultural production, as they are less prone to erosion. Likewise, loamy 

soils - a mixture of sand and clay - are also suitable for agriculture. The most outstanding 

feature of this type of soil is the accumulation of sandy sediments and of white and 

granular marl. The igneous rocks come from the depths of the earth and have melted to 

the surface. The sedimentary rocks were formed from clay by pressure from the earth's 

layers. 

Specifically on the riverbanks of the Paraguay in the eastern region and the Pilcomayo 

in the western region, periodic contributions and depositions of alluvial materials 

transported by these watercourses are formed, which is reflected in the variety of 

successive layers of soil that accumulate. The content of organic matter is also very 

variable from one layer to the next. These soils are not stable for agricultural use, due 

to the constant danger of flooding, and are covered with grass vegetation and species 

from humid places. They are used in extensive cattle raising. 
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Figure 49 – Soil map of the areas of influence 
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9.8 Speleology 

According to Warnes (2002), in the extreme northeast of the Department of Concepción, 

on the border with the Federative Republic of Brazil, we find the largest karst area in 

Paraguay, which extends over 1,070 km2 within the department, forming part of the 

Aquidabán ecoregion. 

This area represents the only karstic landscape in Paraguay, with well-defined 

characteristics typical of this type of geography. It is an extremely rich area of great 

biological diversity where most of the typical phenomena of this type of terrain are 

found: caves, caverns, lakes, sinkholes, dolines, and carcavas. 

The environmental laws of Paraguay protect the natural resources, thus defending the 

tourist-scientific heritage. There is Resolution n. 4577/2011 that declares several areas 

called caverns, located in the zone of Vallemi, Department of Concepción, as a 

protected wild area under the category of natural monument. The figure below shows 

the areas defined by Resolution n. 4577/2011, mentioned above. 

 

 

Figure 50 – Location of the caves according to the Resolution n. 4577/2011 

The location of these caves in relation to the areas of influence of the PARACEL pulp 

mill is presented below. Therefore, the region of the caves is not included in the areas 

of influence (DAA, DIA or IIA). It should be noted that the nearest cave (Ycua Pa'i) is 

115 km northwest of the area of the future pulp mill. 
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Figure 51 – Map of the caves in relation to the areas of influence 
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9.9 Hydrology (Surface Water Resources) 

Paraguayan territory belongs entirely to the great basin of the River Plate, one of the 

largest rivers in the American hemisphere, as well as in the whole world, due to the 

extension, the flows it produces, and its natural resources (PMCIC, 2014). 

The basin of the Plata is, by its geographical extension and the flow of its rivers, one of 

the most important in the world. Its importance also lies in the fact that it is a territory 

shared by five countries (CIC, 2020). 

With its 3.1 million square kilometers, the Plata Basin occupies one fifth of South 

America, including territories of Argentina, Bolivia, Brazil, Paraguay and Uruguay, as 

seen in the following figure (CIC, 2020). 

The waters of two large rivers converge in the Río de la Plata: the Paraná and the 

Uruguay, both of which, by their turn, collect the flow of other very important rivers, 

such as the Paraguay, the Bermejo, the Pilcomayo and the Iguazú, among many others 

(CIC, 2020).  

Through its wide estuary in the Atlantic Ocean, the Plata Basin delivers a flow of 25,000 

m³/s to the sea. 

 

Figure 52 – Basin of the Plata by country. Source: CIC (2020) 

Water resources management  

Thus, in Paraguay, there is concern about water resources highlighted by the extensive 

legal framework, among which are SEAM Resolution n. 222/2002 (Standard of Water 

Quality in the Entire National Territory), SEAM Resolution n. 50/2006 (National Water 

Resources Management), SEAM Resolution n. 255/2006 (Classification of All Waters 

of Paraguay in Class 2) and Law n. 3239/2007 (Water Resources of Paraguay). 

In accordance with Law n. 3239/2007, the integrated and sustainable management of 

Paraguay's water resources is governed by the following principles: 

a) Water, whether surface or underground, is the public property of the State and its 

ownership will not be subject to any form of limitation. 

b) Access to water for the satisfaction of basic needs is a human right and must be 

guaranteed by the State, in adequate supply and with appropriate quality 
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c) Water resources have multiple uses and functions and this characteristic must be 

adequately addressed, respecting the hydrological cycle and always favoring, in the 

first place, the use for consumption by the human population. 

d) The hydrographic unit is the basic unit for water resources management. 

e) Water is a natural good that conditions the survival of all living beings and the 

ecosystems that shelter them. 

f) Water resources are a finite and vulnerable good. 

g) Water resources have a social, environmental and economic value. 

h) Water resources management should be carried out within the framework of 

sustainable development, and should be decentralized, participatory and gender-

sensitive. 

i) The Paraguayan State possesses the non-transferable and non-delegable function of 

property and guardianship of national water resources. 

The management of water resources in Paraguay occurs through the hydrographic units, 

which are the basic management units, according to Law n. 3239/2007. 

In Paraguay, there are 19 Hydrographic Units (Figure above) classified in two regions: 

the Western Region and the Eastern Region, according to Resolution n. 376/2012. 

.  

 

Figure 53 – Hydrographic Units of Paraguay. Source: MADES (2020) 
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The following table presents the characteristics (region, name and area) of the 

Hydrographic Units of Paraguay. 
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Table 7 – Hydrographic Units of Paraguay 

Region Name Area (km²) 

Eastern 

 

Apa and Tagatiya  8,121 

Aquidabán  12,515 

Area of Intermediate Influence of Yacyreta and Itaipu  11,521 

Influence Area of Itaipu  20,167 

Influence Area of Yacyreta  14,148 

Caanabe  1,978 

Jeiui Guazu  20,337 

Laguna Vera  3,362 

Oriental Manduvirá  ~ 5,286 

Neembucú  ~ 3,988 

Piribebuy  1,638 

Tebicuary Cuenca Alta  9,561 

Tebicuary Cuenca Baja  15,107 

Tebicuary Cuenca Media  10,539 

Yhaguy  4,266 

Ypacaraí and Patinc  1,618 

Ypané  12,324 

Western 

 

Rio Pilcomayo  86,694 

Rio Yacaré 85,761 

Rio Timme 68,133 

Source: Resolution SEAM n. 376/2012. 

 

The planned site for the implementation of the PARACEL pulp mill will be in 

Concepción, near the Paraguay River. For ESIA, the Aquidabán and Pilcomayo River 

hydrographic units were adopted as an Indirect Influence Area. Thus, these 

hydrographic units will be addressed in this chapter on water resources. 

The following figure shows the location of the future PARACEL pulp mill on the water 

resources map.   
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Figure 54 – Map of water resources. 
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9.9.1 Regional Characterization (IIA)  

9.9.1.1 Aquidabán Hydrographic Basin 

The Aquidabán River basin has an area of approximately 1,254,812 ha (SEAM & 

DIGESA, 2006), within the departments of Amambay and Concepción, and flows into 

the Paraguay River north of the city of Concepción, as illustrated in the figure below. 

 

 

Figure 55 – Map of the Hydrographic Basin of Aquidabán 

 

The basin is 59.3% occupied by cattle and 28.6% by forest, which includes 

approximately 87.9% of the entire basin area. Small rural producers occupy 7.6% of the 

basin area, mechanized cultivation 2.6%, flooded areas 1.6% and water and city occupy 

approximately 0.1%, as presented in the following table. 

With respect to pollution loads, there are three districts with a total population of 36,150 

inhabitants, of which 19% reside in urban areas, which constitutes the potential 

contributor to sanitation loads. The diffuse load from agricultural areas is 2 to 10 times 

higher than the sanitary load. With regard to industrial loads, there are no significant 

sources in this basin (SEAM & DIGESA, 2006). 
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Table 8 – Aquidabán River Basin Occupations  

Mechanized 

cultivation 

Cattle 

raising 
Forest Water 

Small 

area 

ranchers 

Flood City Total 

32,408 744,261 359,133 1,810 95,613 20,042 1,810 1.254,812 

2.6% 59.3% 28.6% 0.1% 7.6% 1.6% 0.1% 100.0% 

Source: SEAM & DIGESA (2006).  

 

 

Figure 56 – Aquidabán River Basin Occupations 

 

The Aquidabán River rises in the Amambay mountain range after traveling 

approximately 250 km through the departments of Amambay and Concepción, in an 

east-west direction. This river is a tributary of the Paraguay River and its mouth occurs 

north of the city of Concepción, 35 km from the central region. Its main tributaries are 

the Trementina and Negla Rivers. 

The Aquidabán River as well as all surface water resources in Paraguay are classified 

as a Class 2 river, according to SEAM Resolution n. 255/2006. 

The relevant characteristic of this river's water is the relatively high concentration of 

total and dissolved solids, depending on the time of collection, and the presence of 

significant nutrient contents. The cause of the high solids value can be attributed, 

mainly, to the recurrent diffuse loads of agricultural activities, also carrying nitrogen 

and phosphorus that are components of chemical fertilizers. The variation in 

concentration, especially of solids, is closely correlated to the recorded precipitation 

(SEAM & DIGESA, 2006). 

9.9.1.2 Pilcomayo river basin unity 

The Pilcomayo river basin, which belongs to the Plata Basin system, with an area of 

approximately 290,000 km², covers an important natural resource region of Latin 

America, shared by Argentina, Bolivia and Paraguay, with an estimated population of 

1,500,000 inhabitants (CTDCRP, 2020). 

Cultivo 

mecanizado

Ganadería

Bosque

AguaMini-

fundiariasInundable
Ciudad

Total
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The spatial distribution is Upper, Middle and Lower Basin from Northwest to Southeast. 

Some 44% of the total area of the Basin is in Paraguay, 31% in Bolivia and 25% in 

Argentina, as illustrated in the following figure (CTDCRP, 2020). 

 

 

Figure 57 – Map of Pilcomayo hydrographic basin. 

 

In the High Basin, the Pilcomayo is a mountain river that when leaving the Andes (or 

"sub-Andean") in the city of Villa Montes, enters the Chaco plain, in a southeasterly 

direction, extending about 1,000 km to the Paraguay River (of which 835 km are the 

border between Argentina and Paraguay). In this section it becomes a river of flat land 

- "llanura" (CTDCRP, 2020). 

The so-called "Lower Pilcomayo", one of the numerous streams that drain the Chaco 

and flow into the Paraguay River, seems hydrologically disconnected from the upper 

river. Another of its singularities is that in this flat course (the Chaco of Paraguay and 

Argentina) the river is lost, that is to say, it does not flow directly into the Paraguay 

river. This occurs due to sedimentation or siltation (CTDCRP, 2020). 

The Pilcomayo River in the plains (llanura) is one of the best examples of river mega-

fan, frequent in the eastern slopes of the Andes in South America. It is also the largest 

of them (>200,000 km2) and the only one in the world that presents the phenomenon of 

extinction of the riverbed by siltation. It is not simply an endorheic river which 

disappears at some point, of which there are examples in the world, but where the river 

disappears there is still a remarkable flow that extends to form wetlands (CTDCRP, 

2020). 

The Pilcomayo River as well as all surface water resources in Paraguay are classified 

as a Class 2 river, according to SEAM Resolution n. 255/2006. 
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The upper basins of the Bermejo and Pilcomayo rivers are responsible for most of the 

sediment production in the del Plata Basin, the main cause of the need for clarification 

of water for consumption by the riparian cities. Sediments are deposited in the 

waterways and cause the progressive advance of the Paraná River Delta over the Plata 

River. Another determining process in the phenomena of production and transport of 

sediments is related to anthropic activities of land use (CIC, 2017). 

The Pilcomayo River has an average annual flow of 203 m³/s and an annual contribution 

of sediments of the same order of magnitude as the Bermejo, but does not have enough 

energy to transport its solid load to the Paraguay River (CIC, 2017). 

The Pilcomayo river basin is particularly critical because of centuries of mining 

pollution in the upper basin, with the presence of significant environmental liabilities. 

9.9.1.3 Wetlands 

Still in the context of water resources, wetlands are important ecosystems, protected by 

the Ramsar Convention, a Convention on Wetlands of International Importance, which 

is an intergovernmental treaty that provides the framework for national action and 

international cooperation for the conservation and sustainable use of wetlands and their 

resources (WCRP, 2014).The characteristics of the natural resources of the Río de la 

Plata Basin indicate that the wetlands represent the main ecosystems of the region 

(WCPIC, 2014).  

The La Plata Basin has the largest system of river wetlands on the planet, covering 

almost 3,500 km², made up of a corridor of wetlands connected by the axis of the large 

Paraguay, Paraná and La Plata rivers (CIC, 2017). 

Paraguay has large areas of wetlands such as the Paraguayan Pantanal, the Central 

Chaco Lagoons, the Humid Chaco Lagoons, the Cerrado wetlands, those belonging to 

Arroyos and Esteros, those of the Atlantic Forest, the Ñeembucú wetland, and the 

flooded pastures (PMCIC, 2014). 

These wetland areas are recognized as highly productive ecosystems and one of the 

most obvious indicators of their wealth and diversity are the wetland birds; these birds 

constitute a natural resource of great intrinsic human and ecological value, throughout 

history they have appeared prominently in human culture, as a source of food or 

ornamentation as well as in the folkloric sense (PMCIC, 2014). 

These ecosystems perform extremely important functions such as: water reserve and 

purification, flood buffering, carbon sinks, sediment, organic matter and nutrient 

storage and/or export sites. In addition, they play a critical role in the life cycle of 

numerous species of fauna and flora and support trophic chains of adjacent ecosystems 

(WCPI, 2014). 

Paraguay currently has 6 Ramsar sites or Wetlands of International Importance covering 

785,970 hectares and the designation of Asunción Bay is expected to cover 2,585 

hectares (WCPIC, 2014). 

In the Indirect Influence Area, in the Pilcomayo River Hydrographic Unit, is the 

Tifunque Ramsar Site, located 235 km from the pulp mill site. In addition, there is the 

Estero Milagro Ramsar Site (35 km from the factory), located outside the Indirect 

Influence Area, as shown on the map below. 
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Tifunque Ramsar site 

Created in June 7th, 1995, it is located in the department of Presidente Hayes (24°15'S 

059°30'W) and has 280,000 ha (Ramsar, 2020).  

An alluvial plain along the Pilcomayo River that is flooded most of the year and is 

characterized by the presence of patches of forest, extensive lakes and palm tree 

savannas. The water courses follow the old riverbeds, with gallery forests growing 

alongside. Another sector is made up of vast dry plains of grasses and bushes. Located 

in the biogeographical region of tropical deciduous forest, the site, in excellent 

condition, is a good representative of biodiversity. Located along the migration route, 

birds are abundant in species and number. Several endangered wildlife species (rhea, 

caiman, turtle and jaguar) and fish species breed here. The site is important for 

Potamogeton striatus, a critically endangered plant, and is compatible with a distinct 

mammal fauna. There are extensive farming, extraction of forest products and poaching. 

The site shares a border with Argentina (RAMSAR, 2020).  
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Figure 58 – Map pointing Ramsar sites in the PARACEL pulp mill area 
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9.9.2 Local Chacarterization (DIA and DAA) 

The future PARACEL pulp mill will be located in Concepción, near the Paraguay River, 

where the treated effluent will be discharged through an emissary system. In addition, 

the Arroyo Seco river is also within the direct influence area of the ESIA. Thus, for the 

studies of local water resources, the two rivers were considered. 

9.9.2.1 Paraguay river 

The water intake and discharge of treated effluents from the PARACEL pulp mill will 

be carried out over a stretch of approximately 1.0 km (which is part of the DAA and 

DIA) on the Paraguay River. However, there are no data available for only this 1.0 km 

stretch of the Paraguay River describing its demand, mining, navigation and 

demand/availability data. Therefore, the data presented here are related to the Paraguay 

river as a whole. 

Paraguay has a very important and extensive hydrographic network throughout its 

territory. In fact, the Paraguay river separates and limits two natural regions with very 

different natural and socioeconomic characteristics (MADES, 2020).  

The hydrography of the River Plate Basin is made up of three large water systems: the 

Paraná, Paraguay and Uruguay, in addition to the River Plate itself, into which some 

smaller rivers flow. Paraguay is a tributary of the Paraná, while the latter joins with 

Uruguay to form the Plata river. The drainage areas of each of them form the main sub-

basins of the system (CIC, 2020).  

The Paraguay River Basin has an area of 1,095,000 km², which covers about 35% of 

the entire area of the Plata Basin, which is 3,100,000 km², as illustrated in the figure 

below.   

 

Figure 59 – The Plata Basin by sub-basin. Source: CIC (2020) 

 

The Paraná and Paraguay rivers run from north to south and form an axis that divides 

the Basin into two parts: to the east there is a dense river network with abundant rivers, 

while to the west the contributions are from flatlands with low flow (CIC, 2020). 
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One third of the basin of the Paraguay river corresponds to Brazil (370,000 km²), 

another third to Paraguay (355,000 km²) and the rest is divided between Argentina 

(165,000 km²) and Bolivia (205,000 km²) as illustrated in the figure below. Almost all 

of it extends over a vast alluvial plain, with very little slope and extensive flood plains 

(CIC, 2020). 

 

Figure 60 – Distribution of Paraguay river 

basin among the countries. Source: CIC 

(2020) 

 

The Plata Basin can be subdivided into 7 sub-basins, among which the Upper Paraguay 

sub-basin and the Middle and Lower Paraguay sub-basin are located in Paraguay (CIC, 

2017), as shown in the figure below. 
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Figure 61 – Map of Plata sub-basins. Source: CIC (2017) 

 

According to CIC (2017), the Upper Paraguay Sub-basin (Figure below) includes two 

large environments, the highlands (so called “Planalto”) and the enormous wetland (so 

called “Pantanal”).  The Pantanal formation acts as a large water reservoir at the waters’ 

source for the Plata system that also retains increased amounts of sediment, arising from 

agriculture in the “Planalto” highlands.  Sedimentation is a major threat to the ecosystem 

because of the wide variety of species that have their natural habitat in this wetland.  

Maintaining the slow runoff of the Pantanal is key to preventing a greater incidence of 

flooding downstream of the Paraguay river and in the already affected Paraná river.  
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Figure 62 – Map of sub-basin of Alto Paraguay. Source: CIC (2017) 

 

The Middle and Lower Paraguay Sub-basin (Figure below) is defined from the estuary 

of the Apa river to the confluence with the Paraná river. It should be noted that the 

location of the PARACEL pulp mill is in this sub-basin. The Paraguay river, in spite of 

the contributions it receives in its upper basin, would present a negative water balance 

in part of this section, if only its right bank tributaries were considered, since its 

overflows do not return to the main channel, recharging lateral depressions in which 

water is retained until it evaporates. However, its left bank tributaries - Aquidabán, 

Jejui, Aguaray and Tebicuary- generate important contributions. Along the main course 

of Paraguay, the city of Asunción is located in the sub-basin, affected by frequent 

flooding. This section is an important part of the Paraguay-Paraná Waterway and 

receives, on its right bank, two tributaries: the lower Pilcomayo and Bermejo rivers. 

This sub-basin includes part of the Hydrographic Units CIH18-Rio Pilcomayo and 

CIH8-Aquidaban, used as the reference unit for defining the IIA for the physical 

environment. The entire sub-basin was not considered in the IIA because no relevant 

users were found downstream, sufficiently close (in terms of affecting its quality) to the 

point of discharge of the effluents. Furthermore, the dispersion of treated effluents in 

the Paraguay River is very fast and occurs very close to the discharge location (between 

0.37 and 0.42 m), and this point is located upstream of the water intake for the pulp mill. 
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Figure 63 – Map of sub-basins of  Medio and Bajo Paraguay. 

Source: CIC (2017) 

 

The Paraguay river rises in the Chapada de Parecís (Brazil) and, after 2,550 km, flows 

into the Paraná River, at the height of the city of Resistencia (Argentina) (CIC, 2020). 

The city of Asunción, the capital of Paraguay, is located along the main course of the 

river (CIC, 2017). 

The Paraguay river and all Paraguay's surface water resources are classified as a Class 

2 river, according to SEAM Resolution n. 255/2006. 

Its left bank tributaries are the Aquidabán, Jejui, Aguaray, and Tebicuary rivers and its 

right bank tributaries are the Pilcomayo and Bermejo rivers (CIC, 2017). 
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Figure 64 – Paraguay river. Source: Pöyry Tecnologia (2019) 

The floodplains on the banks, the enormous volume of solid material carried by the 

Bermejo river and the backwaters produced by the waters of the Paraná River, which 

cause irregularities in the river's regime and changes in its year-on-year variation, are 

its main characteristics (CIC, 2020). 

The flood plain of the Paraguay river and its continuation in the Paraná river determine 

a hydrological continuum of wetlands and a biological corridor that extends from north 

to south from the great Pantanal in the Upper Paraguay, through the wetlands (CIC, 

2017). 

A summary of average annual flows (period 1971-2010) of the Paraguay river is 

presented in the table below. 

Table 9 – Summary of average annual flows of the Paraguay river to its confluence 

with the Paraná river 

Points 
Simulated flow 

rate (m³/s) 

Observed flow 

rate (m³/s) 
Period 

Paraguay river at Puerto Pilcomayo 3,805 3,964 
1971-2010 

Paraguay river in Puerto Bermejo 5,091 4,696 

Paraguay river at Concepción 

Hydrological Station 
- 2,179 - 

Source: Adapted from CIC (2017) 

Demand for Water Resources 

The main activities related to water use in the basin are consumptive demands 

(population, livestock, irrigation and industrial), mining, hydroelectricity and 

navigation.  
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Consumption demands 

Urban services related to water demand involve drinking water and sanitation services. 

The demand for drinking water supply -depending on the location of the urban area in 

question- is met by large rivers such as Paraguay and also by groundwater (CIC, 2017). 

With respect to sanitary sewerage, low coverage is a critical problem. Every day, 2.9 

million cubic meters of untreated sewage are discharged into the Paraguay river and 

only 11% of the sewage is treated before reaching the river (ESSAP, 2020). 

Land use is changing rapidly, in the Paraguay river system, in Brazilian territory, 

leading to the opening or extension of the agricultural and livestock frontier, due to the 

cultivation of soybeans and the exploitation of livestock (CIC, 2017). 

Agriculture in Paraguay occupies the eastern region of the country, with a high 

participation of mechanized activities, due to the predominance of soybean cultivation. 

Pasture cultivation areas have experienced considerable variation in recent years due to 

changes in land use (CIC, 2017). 

The industrial sector accounts for most of the country's industrial production in the 

Paraná systems (CIC, 2017). 

The values of consumer demand presented in the Paraguayan sub-basin indicate higher 

consumption in terms of population, livestock and irrigation. The irrigation demand is 

higher with 552 Hm³/year (37%), followed by livestock with 484 Hm³/year (32%) and 

population 443 Hm³/year (30%) (CIC, 2015). The consumption by industry is the lowest 

with 10 Hm³/year (1%), as presented in the table and figure below. 

The participation of the Paraguayan sub-basin in the River Plate Basin corresponds to 

only 4.5%. 

Table 10 – Consumption demand by usage in Hm3/year 

Population 
Cattle 

raise 
Irrigation Industrial Others Total 

Percentage of 

the Plata basin 

443 484 552 10 - 1.489 4.5% 

Source: Adapted from CIC (2015) 
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Figure 65 – Consumption demand by usage. Source: 

Adapted from CIC (2015) 

Mining 

One of the important environmental aspects of mining is the products used in the 

activity, which are deposited in the sediments of the rivers in the Basin and generate 

accumulated effects historically downstream from the production areas (CIC, 2017). 

On a larger scale, the pollution generated by mining is mainly observed in the Paraguay 

River system, particularly in two of the main tributary sub-basins, the Bermejo and the 

Pilcomayo (CIC, 2017). 

Hydroelectricity 

The Plata Basin has a very important hydroelectric generation capacity. Its use means a 

relevant portion of the energy generation in the countries involved. For Paraguay in 

particular, it represents the largest percentage of its GDP (CIC, 2017). There are also 

two hydroelectric plants, Iguazú and Acaray, located entirely in Paraguay. Of course, 

there is no hydroelectric plant on the Paraguay River in the factory's area of influence. 

Navigation 

For Paraguay, the waterways of the Paraguay and Paraná rivers represent a fundamental 

factor in its foreign trade, given its status as a Mediterranean country, since they have 

provided access to the sea since colonial times (CIC, 2014). 

In the regional context, these routes are now a fundamental pillar of integration of the 

regions of the Plata Basin, and have become an important means of transporting cargo, 

due to the advantages of river transport (CIC, 2014). 

The Paraguay river, the most important waterway in the country, has the characteristics 

of a plain river, where, due to the natural process of the river, subject to erosion, 

transport and sedimentation, morphological changes occur in the bed, which changes 

the navigation channel during time (CIC, 2014). 
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The variable levels of the river, subject to the precipitation regime in its basin, determine 

a hydrological cycle of the Paraguay river that we can classify into Low Waters 

(November, December, January, February), High Waters (May, June, July, August), 

and Medium Waters (March, April, September, October) (CIC, 2014).  

In periods of low-level water there are usually difficulties in navigation, because the 

low levels of the river produce the appearance of the critical crossings. It should be 

noted that the Paraguay river does not have any artificial flow regulation system but due 

to anomalies its hydrological cycle is sometimes altered (CIC, 2014). 

Navigation in the Plata Basin is done in a complex system on the Paraguay river. Based 

on this, there is a program called waterway Paraguay-Paraná (CIC, 2014). 

This waterway is the main route that connects the countries of the La Plata Basin, being 

an important route because of its capacity to transport large loads (CIC, 2017). 

The Paraguay-Paraná Waterway is a regional agreement between Argentina, Bolivia, 

Brazil, Paraguay and Uruguay to facilitate navigation and foreign and domestic trade. 

It is made up of the Paraguay, Paraná and Uruguay Rivers. It is one of the longest natural 

waterways in the world: 3,442 km, and extends from Puerto Cáceres (Brazil) to Nueva 

Palmira (Uruguay), as illustrated in the figure below. It is one of the most significant 

transport routes for the integration of Mercosur (MAGYP. 2020). 

 

 

Figure 66 – Map with waterways of Plata Basin. Source: CIC (2017) 
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The Availability-Demand Ratio 

Water resource uses can lead to conflicts when there is no balance between availability 

and demand for consumptive uses or when non-consumptive uses alter the conditions 

of the water system, with its variability in time and space (CCC, 2017). 

The following table presents a qualitative evaluation of water uses in the Upper and 

Lower Paraguay sub-basins. In the Upper Paraguay sub-basin there are problems of 

navigation, recreation/tourism and aquaculture/fishing, and some problems of irrigation 

and conflict of uses. In the Lower Paraguay sub-basin there are problems of navigation, 

and some problems of human supply, irrigation and conflict of uses, 

Recreation/Tourism, Aquaculture/Fishing and conflict of uses. 

Table 11 – General qualitative evaluation of water usage 

Water usage 
Sub-basin 

Upper Paraguay Lower Paraguay 

Human supply There are no dominant 

problems 

There are only a few 

problems 

Irrigation There are only a few 

problems 

There are only a few 

problems 

Hydropower There are no dominant 

problems 

There are no 

dominant problems 

Navigation There are problems There are problems 

Recreation/Tourism There are problems There are only a few 

problems 

Fishing/Water farming There are problems There are only a few 

problems 

Conflict of Uses There are only a few 

problems 

There are only a few 

problems 

Source: Adapted from CIC (2017). 

Quality 

Special consideration should be given to mining activity in the upper basin of the 

Paraguay river in Bolivia and Brazil. There are tin deposits in the form of cassiterite and 

acid drainage, a consequence of mining activity and its environmental liabilities, which 

contaminate rivers and groundwater (CIC, 2017). 

Downstream, in Paraguay, the greatest loads of pollutants come from agricultural 

activity (crops and pastures) and, mainly, from discharges of domestic and industrial 

effluents in areas near large urban centers such as Concepción (CIC, 2017). 

For the ESIA, three water quality monitoring campaigns were carried out on the 

Paraguay River at two points, one upstream and the other downstream from the raw 

water intake and treated effluent discharge locations of the future pulp mill, 

respectively. 
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9.9.2.2 Arroyo Seco 

Arroyo Seco is part of the Aquidabán Hydrographic Unit and is a tributary of the 

Paraguay river. It flows downstream from the water intake point of the PARACEL pulp 

mill. 

Arroyo Seco, as well as all of Paraguay's surface water resources are classified as a 

Class 2 river, according to SEAM Resolution n. 255/2006. 

 

Figure 67 – Location map of Arroyo de Seco. 

9.9.3 Surface water and sediment quality 

This item presents the results of the Surface Water and Sediment Quality Monitoring 

report of the Paraguay River, in the location planned for the collection of raw water and 

treated effluent disposal from the PARACEL pulp mill.  

The purpose of the monitoring is to verify the quality of the water and sediments of the 

Paraguay River before the implementation and operation of the pulp mill (background). 

Surface water and sediment sampling was performed at two (2) points and three (3) 

campaigns, covering the region's dry and rainy periods. The campaigns were carried out 

on the following dates: 

− 1st Campaign, October 25, 2019, dry season 

− 2nd Campaign, December 15, 2019, rainy season; 

− 3rd Campaign, February 17, 2020, rainy season. 

It is worth mentioning that a total of 6 campaigns have been planned, yet, due to the 

coronavirus pandemic, it was not possible to execute the collection of water and 

sediment samples.  

This report was prepared using SEAM Resolution n 222/2002, which determines the 

standard for water quality in the national territory. 
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The complete report is presented in ANNEX I of this document. 

9.9.3.1 Monitoring points 

The sampling points were established with the objective of knowing the quality of 

surface water and sediments in the region where the PARACEL pulp mill is located 

before its operation - that is why it is considered a background for future monitoring 

studies. The definition of the sampling points was based on the raw water intake and 

treated liquid effluent discharge points of the future pulp mill, located on the Paraguay 

River, as shown in the figure below. 

 

Figure 68 – Location of surface water and sediment sampling points. Source: Pöyry 

Tecnologia (2021) 

 

Table 12 – Coordinates of surface water and sediment sampling points 

Point Coordinates 

FW01 / SE01 23°15'16.51"S, 57°31'31.62"O 

FW02 / SE02 23°17'17.54"S, 57°29'32.41"O 

Source: Pöyry Tecnologia (2020) 
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Figure 69 – Point FW01 / SE01. Source: Pöyry Tecnologia (2020) 

 

 

Figure 70 – Point FW02 / SE02. Source: Pöyry Tecnologia (2020) 

9.9.3.2 Standards 

To monitor current surface water and sediment conditions in the Paraguay river, in the 

region of intake water and discharge of treated effluents from the pulp mill, the main 

control parameters for Class 2 rivers of SEAM Resolution n. 222/2002 were considered. 
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9.9.3.3 Methods 

The sampling of surface water and sediments was verified according to the rules and 

procedures of the Standard Methods for the Examination for Water and Wastewater of 

the EPA/USA. The type of sampling was simple (exact), i.e., sampling surface water or 

sediment in sufficient quantity for analysis. 

Most of the sampling and analysis of the parameters were executed by INYMA 

CONSULT Laboratory, with the exception of the analysis of Chlorates, AOX, Paraquat 

and 2.4D (surface water); Percentage of Solids and 2.4D (sediment) were executed by 

BIOAGRI AMBIENTAL LTDA. (Mérieux NutriSciences). 

The Paraguayan laboratory INYMA CONSULT is in the process of accreditation, 

currently interrupted due to the COVID-19 pandemic. INYMA's professional solvency 

is recognized by several government agencies, such as ERSSAN, for drinking water 

analysis and all analysis protocols were presented at MADES. INYMA is also the 

reference laboratory for CONALAYPA (National Commission for the Management of 

Lake Ypacaraí) and is the only one in Paraguay that participates since 2009 in annual 

evaluations of interlaboratory analysis with the samples provided by INTI (National 

Institute of Industrial Technology) of Argentina. 

Part of the tests conducted by INYMA were referred to laboratories accredited in these 

determinations. The analysis of some heavy metals was performed by MULTILAB 

Laboratory and the analysis of pesticides and glyphosates in water and sediments in 

ANALÍTICA S.A. 

The Brazilian laboratory BIOAGRI AMBIENTAL LTDA (Mérieux NutriScience) is 

accredited for testing and calibration by ISO 17025, with certificate issued by CGCRE 

(General Coordination of Accreditation of INMETRO - Brazil). 

Figures below presents INYMA's certificates of participation in INTI's interlaboratory 

tests (year 2017) and the accreditation certificate of BIOAGRI AMBIENTAL LTDA. 

The other certificates can be found in the attached files of VOLUME IV - Analytical 

Reports (Surface Water and Sediment Monitoring Report). 
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Figure 71 – Certificate INYMA Laboratory in attendance to sampling realized by 

INTI among labs (year 2017) 

 

 

Figure 72 – Certificate of accreditation of the Bioagri Ambiental Ltda 
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For the execution of the analysis, a specific analytical method was used for the 

parameters evaluated, as presented in the following tables:  

Table 13 – Methods of analysis for surface water 

Tests Methods of analysis 

Total Alkalinity SM 2320 B 

Aluminium (Al) @ICP-MS 

Total Arsenic (As) @ICP-MS 

Barium (Ba) @ICP-MS 

Cadmium (Cd) @ICP-MS 

Calcium SM 3500 Ca D. EDTA 

Lead (Pb) @ICP-MS 

Free Cyanide (CN-)  SM 4500-CN. E Colorimetric method 

Chlorine SM 4500-Cl Argentometric method 

Copper (Cu) @ICP-MS 

Fecal Coliforms SM 9222 D. Fecal Coliform Membrane Filter  

Electrical conductivity at 25°C SM 2510. Laboratory Method 

True colour SM 2120 B. Visual Comparison Method 

Total chrome (Cr) SM 3500-Cr. Colorimetric Method 

Hexavalent chromium (Cr6+) SM 3500-Cr. Colorimetric Method 

Trivalent Chromium (Cr3+) Calculation 

Biochemical Oxygen Demand (BOD5) SM 5210. 5-Day BOD Test 

Total Hardness (CaCO3) SM 2340. EDTA Titrimetric Method 

Tin (Sn) @ICP-MS 

Soluble iron (Fe2+) (in situ) SM 3500-Fe D 

Total Phosphorus (P) SM 4500-P. Ascorbic Acid Method 

Glyphosate @LC-MS/MS 

Phenol Index (C6H5OH) SM 5530. Chloroform Extraction Method 

Magnesium SM 3500 Mg E. Calculation 

Manganese (Mn) Hach method 8149 

Total Mercury (Hg) @ICP-MS 

Nickel (Ni) @ICP-MS 

Nitrate (N-NO3
-) EPA method 352.1 

Nitrite (N-NO2
-) SM 4500-NO2. Colorimetric Method 

Ammonia Nitrogen (NH3) SM 4500-NH3. Phenate Method 

Total Kjeldahl Nitrogen (NTK) SM 4500-Norg. Semi-Micro-Kjeldahl Method 
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Tests Methods of analysis 

Oils and Fats SM 5520. Partition-Gravimetric Method 

Dissolved Oxygen SM 4500-O. Membrane Electrode Method 

Polychlorinated Biphenyls (PCB's) @GC-MS 

Pesticides in water @SPME-GC-MS 

pH (on site) SM 4500-H+. Electrometric Method 

Potassium SM 3500-K. Flame Emission Photometric Method 

Selenium (Se) @ICP-MS 

Silica SM 4500 –Si D 

Sodium (Na) SM 3500-Na. Flame Emission Photometric Method 

Total Dissolved Solids SM 2540 C. Total Solids Dried at 180ºC 

Sulphate (SO4
-2) SM 4500 - SO4

-2. Turbidimetric Method 

Turbidity SM 2130. Nephelometric Method 

Zinc (Zn) @ICP-MS 

Semi-volatile organic compounds 

SVOC 

EPA 8270 D:2014, POP PA 076 - Rev. 17 / 

Preparation: EPA 3510 C:1996, 3535 A:2007 

Anions EPA 300.0: 1993, 300.1: 1999, POP PA 032 - Rev. 

13 

Paraquat POP 05.192/05 - LC-MS/MS 

SM: Standard Methods for the Examination of water and wastewater. 17th Edition. APHA, AWWA, WPCF. 1989.
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Table 14 – Methods of analysis of sediments 

Tests Methods of analysis 

Aluminium (Al) SM 3500-Al D 

Antimony (Sb) @ICP-MS 

Total Arsenic (As) SM 3500-As C. Silver Diethyldithiocarbamate Method 

Barium (Ba) @ICP-MS 

Boron (B) @ICP-MS 

Cadmium (Cd) @ICP-MS 

Copper (Cu) ICUMSA 

Total Chrome (Cr) SM 3500 - Cr. Colorimetric Method 

Hexavalent Chromium (Cr6+) SM 3500 - Cr. Colorimetric Method 

Trivalent Chromium (Cr3+) Cálculo 

Biochemical Oxygen Demand 

(BOD5) 
SM 5210. 5-Day BOD Test 

Tin (Sn) @ICP-MS 

Total Phosphorus (P) SM 4500-P. Ascorbic Acid Method 

Glyphosate @LC-MS/MS 

Total Mercury (Hg) @ICP-MS 

Nitrate (N-NO3
-) EPA method 352.1 

Nitrite (N-NO2
-) SM 4500-NO2. Colorimetric Method 

Total Kjeldahl Nitrogen (NTK) SM 4500-Norg. Semi-Micro-Kjeldahl Method 

Nickel (Ni) @ICP-MS 

Polychlorinated biphenyls (PCBs) @GC-ECD 

Chlorinated Pesticides in Sediments @LC/MS/MS 

Silver (Ag) @ICP-MS 

Lead (Pb) SM 3500-Pb C. 

Selenium (Se) Osburn, R. L., A. D. Shendrikar, and P. W. West, Anal. 

Chem., 43 (4), 594-597 (1971) 

Zinc (Zn) @ICP-MS 

Percentage of Solids SMWW, 22ª Edition, 2012 - Method 2540 G 

Semi-Volatile Organic Compounds 

(SVOCs) 

EPA 8270 D:2014, POP PA 076 - Rev. 17 / 

Preparation: EPA 3550 C:2007 

SM: Standard Methods for the Examination of water and wastewater. 17th Edition. APHA, AWWA, WPCF. 1989. 
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Figure 73 – Surface water sampling. Source: Pöyry Tecnologia 

(2020) 

 

Figure 74 – Equipment for sampling surface water at depth. Source: 

Pöyry Tecnologia (2020) 
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Figure 75 – pH and temperature measurement 

in situ. Source: INYMA (2019) 

 

 

Figure 76 – Dredging for sampling of the sediments. Source: Pöyry 

Tecnologia (2020) 
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9.9.3.4 Results 

The following tables present the results of the surface water and sediment analysis for 

the three campaigns. The results of the surface waters were compared with the standards 

established for class 2 water bodies by SEAM Resolution n. 222/02. With regard to 

sediments, it should be noted that there is no legal reference for comparing the results. 
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9.9.3.4.1 Surface waters 

Table 15 – Results of 1st, 2nd and 3rd campaigns – Surface waters – FW01 

(Parameters in situ) 

Parameters in situ Unit 
Results 

Resolution n. 

222/02* 1st 2nd 3rd 

Depth: 0.5 meters 

pH - 7.66 7.16 7.15 6.0 – 9.0 

Temperature ºC 26.5 31.1 32.7 - 

Conductivity at 25ºC µS/cm 162 322 3182 - 

Dissolved Oxygen mg/L 7.06 6.60 5.80 ≥ 5 

Oxygen Saturation % 89 81 80 - 

Depth: 2.5 meters ** 

pH - 7.53 7.32 7.70 6.0 – 9.0 

Temperature ºC 26.9 31.5 32.4 - 

Conductivity at 25ºC µS/cm 141.5 313 203 - 

Dissolved Oxygen mg/L 7.29 7.20 6.00 ≥ 5 

Oxygen Saturation % 92 91 83 - 

 Depth: 5.5 meters  *** 

pH - 7.60 7.12 7.15 6.0 – 9.0 

Temperature ºC 27.3 30.6 32.5 - 

Conductivity at 25ºC µS/cm 150 346 183 - 

Dissolved Oxygen mg/L 7.80 7.26 6.11 ≥ 5 

Oxygen Saturation % 100 96 85.4 - 

* Resolution SEAM n. 222/02, article 3rd for surface water Class 2. 

** In the 2nd campaign, the Depth was 3.0 meters and in the 1st campaign was 2.5 meters. 

*** In the 2nd campaign, the Depth was 6.0 meters and in the 1st campaign was 5.0 metros. 
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Table 16 – Results of 1st, 2nd and 3rd Campaigns – Surface waters – FW01 

Parameter Unit 

Results 
Detection 

Limits 

Limits of 

Resolution 

SEAM n. 

222/2002 * 
1st 2nd 3rd 

Physicochemicals 

Oils and Fats mg/L ND ND ND 2 Absent 

Total Alkalinity (CaCO3) mg/L 34.7 30.8 34.7 0.56 - 

AOX** µg/L 120 220 110 20 - 

Free Cyanates (CN-) mg/L ND ND ND 0.01 Max. 0.2 

Chlorates** mg/L ND 0.04 0.02 0.02 - 

Chlorides (Cl) mg/L 28.5 64.8 23.6 0.25 Max. 250 

Color uPtCo 75 65 82 < 1 ≤ 75 

Biochemical Oxygen Demand (BOD5) mg/L ND 1.6 1.4 0.5 ≤ 5 

Total Hardness (CaCO3) mg/L 32 41 36.5 0.5 Max. 300 

Total Phosphorus (P) mg/L 0.021 0.090 0.160 0.004 Max. 0.05 

Phenol Index (1) mg/L ND ND ND 0.024 Max. 0.5 

Fluctuating Materials mg/L Absent Absent Absent - Absent 

Nitrate (N-NO3
-) mg/L 0.30 1.98 1.01 0.03 Max. 10 

Nitrite (N-NO2
-) in situ mg/L 0.003 0.004 ND 0.002 Max. 1.0 

Ammonia Nitrogen (N) mg/L ND ND 0.014 0.006 - 

Non-ionized ammonia (NH3) (calculation) mg/L ND ND ND - Max. 0.02 

Total Kjeldahl Nitrogen (NTK) mg/L 0.84 1.18 1.01 0.03 Max. 0.6 

Potassium (K) mg/L 2.38 3.22 2.50 0.1 - 

Sodium (Na) mg/L 18.3 44.0 21.5 0.5 Max. 200 

Total dissolved solids mg/L 124 220 139 5 Max. 500 

Sulphate (SO4
-2) mg/L 3.6 12 17 1 Max. 250 

Turbidity UNT 36.98 61.43 35.8 0.02 ≤ 100 

Bacteriological 

Fecal Coliforms UFC/100ml < 10 11 < 10 10 ≤ 1000 

Metals 

Total Aluminium (Al) mg/L 3.55 7.00 3.00 0.05 Max. 0.2 

Arsenic (As) mg/L 0.008 0.006 0.003 0.001 Max. 0.01 

Barium (Ba)  mg/L ND 0.06 ND 0.05 Max. 2.0 

Cadmium (Cd) mg/L ND ND ND 0.0005 Max. 0.001 

Copper (Cu) mg/L ND ND ND 0.01 Max. 1.0 

Total Chrome (Cr) mg/L ND ND ND 0.005 Max. 0.55 

Hexavalent Chromium (Cr6+) mg/L ND ND ND 0.005 Max. 0.05 

Trivalent Chromium (Cr3+) mg/L ND ND ND 0.005 Max. 0.5 
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Parameter Unit 

Results 
Detection 

Limits 

Limits of 

Resolution 

SEAM n. 

222/2002 * 
1st 2nd 3rd 

Tin (Sn) mg/L ND ND ND 0.005 Max. 2.0 

Soluble iron (Fe+2) in situ mg/L 0.35 0.17 0.55 0.05 Max. 0.3 

Manganese (Mn) mg/L 0.08 0.08 ND 0.025 Max. 0.1 

Total Mercury (Hg) (2) mg/L ND ND ND 0.001 Max. 0.002 

Nickel (Ni) mg/L 0.006 0.003 0.005 0.001 Max. 0.025 

Lead (Pb) mg/L 0.002 0.004 ND 0.001 Max. 0.01 

Selenium (Se) mg/L 0.003 0.002 ND 0.001 Max. 0.01 

Zinc (Zn) mg/L 0.07 ND ND 0.05 Max. 3.0 

Pesticides 

2.4 D** µg/L ND ND 0.005 0.005 - 

Alaclor mg/L ND ND ND 0.014 0 

Anthracine mg/L ND ND ND 0.008 0.003 

Gamma Chlordane mg/L ND ND ND 0.012 0 

4.4' - DDT mg/L ND ND ND 0.007 0.002 

Endosulfan mg/L ND ND ND 0.019 0.056 

Endrin mg/L ND ND ND 0.009 0.002 

Glyphosate mg/L ND ND ND 2.7 0.7 

Heptachlor mg/L ND ND ND 0.005 0 

Lindane (BHC) mg/L ND ND ND 0.002 0.0002 

Methoxychlorine mg/L ND ND ND 0.005 0.04 

Paraquat** µg/L ND ND ND 0.1 - 

Polychlorinated Biphenyls (PCB's) (3) mg/L ND ND ND 0.2 0 

Propanil mg/L ND ND ND 0.132 0.02 

Simazine mg/L ND ND ND 0.027 0.004 

* Resolution SEAM n. 222/02, article 3 for surface water – class 2. 

**Analysis by Bioagri Laboratory. 

(1) Maximum rate of Phenols allowed for the discharge of effluents into surface water bodies, article 7 of SEAM 

Resolution n. 222/02. 

(2) Sum of organic and inorganic mercury. 

(3) The outsourced laboratory reports the PCB result as less than 0.2 microgram/L, which is the limit of quantification of 

the method used. 

ND: no detectable. 

The detection limits of organic compounds are expressed in micrograms per liter  (µg/L).  
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Table 17 – Results of 1st, 2nd and 3rd Campaigns – Surface Waters – FW02 

(Parameters in situ) 

Parameters in situ Unit 

Results Limits of 

Resolution n. 

222/02* 1st 2nd 3rd 

Depth: 0.5 meters 

pH - 7.56 7.11 7.12 6.0 – 9.0 

Temperature ºC 26.8 30.7 32.4 - 

Conductivity at 25ºC µS/cm 177 322 - - 

Dissolved Oxygen mg/L 7.11 6.37 5.93 ≥ 5 

Oxygen Saturation % 89.5 85 82 - 

Depth: 2.5 meters ** 

pH - 7.50 7.17 7.12 6.0 – 9.0 

Temperature ºC 26.8 30.7 32.6 - 

Conductivity at 25ºC µS/cm 164 318 174 - 

Dissolved Oxygen mg/L 7.70 7.18 6.05 ≥ 5 

Oxygen Saturation % 97.2 91 82.4 - 

Depth: 5.0 meters *** 

pH - 7.50 7.14 7.08 6.0 – 9.0 

Temperature ºC 26.7 31.0 32.8 - 

Conductivity at 25ºC µS/cm 174 319 162 - 

Dissolved Oxygen mg/L 7.80 7.14 6.20 ≥ 5 

Oxygen Saturation % 100 91 86 - 

* Resolution SEAM n. 222/02, article 3rd for surface Waters Class 2. 

** In the 2nd campaign, the Depth was 2.0 meters and in the 1st campaign was 2.5 meters. 

*** In the 2nd campaign, the Depth was 4.0 meters and in the 1st campaign was 5.0 meters. 
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Table 18 – Results of 1st, 2nd and 3rd Campaign – Surface Waters – FW02 

Parameters  Unit 
Results Detection 

limits 

Limits of 

Resolution 

n. 222/02* 1st 2nd 3rd 

Physicochemicals 

Oils and Fats mg/L ND ND ND 2 Absent 

AOX** µg/L 100 250 62 20 - 

Free Cyanides (CN-) mg/L ND ND ND 0.01 Max. 0.2 

Chlorates** mg/L ND 0.04 ND 0.02 - 

Color uPtCo 70 80 75 1 ≤ 75 

Biochemical Oxygen Demand (BOD5) mg/L ND 1.6 1.5 0.5 ≤ 5 

Total Hardness (CaCO3) mg/L 34 41 35.0 0.5 Max. 300 

Total Phosphorus (P) mg/L 0.063 0.080 0.135 0.004 Max. 0.05 

Phenol Index (1) mg/L ND ND ND 0.024 Max. 0.5 

Fluctuating Materials mg/L Absent Absent Absent - Absent 

Nitrate (N-NO3
-) mg/L 0.28 1.92 0.27 0.03 Max. 10 

Nitrite (N-NO2
-) in situ mg/L 0.008 0.006 ND 0.002 Max. 1.0 

Ammonia Nitrogen (N) mg/L ND ND 0.015 0.006 - 

Non-ionized ammonia (NH3) 

(calculation) 
mg/L ND ND ND - Max. 0.02 

Total Kjeldahl Nitrogen (NTK) mg/L 1.63 1.63 1.03 0.03 Max. 0.6 

Sodium (Na) mg/L 19.7 42.6 22.0 0.5 Max. 200 

Total Dissolved Solids  mg/L 130 213 124 5 Max. 500 

Sulphate (SO4
-2) mg/L 4.2 12.4 13.5 1 Max. 250 

Turbidity UNT 38.97 66.74 38.1 0.02 ≤ 100 

Bacteriological 

Fecal Coliforms UFC/100ml < 10 13 < 10 10 ≤ 1000 

Metals 

Aluminum Total (Al) mg/L 4.07 5.9 4.00 0.05 Max. 0.2 

Arsenic (As) mg/L 0.008 0.005 0.003 0.001 Max. 0.01 

Barium (Ba)  mg/L ND 0.06 ND 0.05 Max. 2.0 

Cadmium (Cd) mg/L ND ND ND 0.0005 Max. 0.001 

Copper (Cu) mg/L ND ND ND 0.01 Max. 1.0 

Total Chrome (Cr) mg/L ND ND ND 0.005 Max. 0.55 

Hexavalent Chromium (Cr6+) mg/L ND ND ND 0.005 Max. 0.05 

Trivalent Chromium (Cr3+) mg/L ND ND ND 0.005 Max. 0.5 

Tin (Sn) mg/L ND ND ND 0.005 Max. 2.0 

Soluble iron (Fe+2) in situ mg/L 0.61 0.18 0.79 0.05 Max. 0.3 
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Parameters  Unit 
Results Detection 

limits 

Limits of 

Resolution 

n. 222/02* 1st 2nd 3rd 

Manganese (Mn) mg/L 0.08 0.09 0.056 0.025 Max. 0.1 

Total Mercury (Hg) (2) mg/L ND ND ND 0.001 Max. 0.002 

Nickel (Ni) mg/L 0.006 0.003 0.006 0.001 Max. 0.025 

Lead (Pb) mg/L 0.002 0.003 ND 0.001 Max. 0.01 

Selenium (Se) mg/L 0.003 0.002 ND 0.001 Max. 0.01 

Zinc (Zn) mg/L 0.07 ND ND 0.05 Max. 3.0 

Pesticides 

2.4 D µg/L ND ND ND 0.005 - 

Alachlor mg/L ND ND ND 0.014 0 

Atrazine mg/L ND ND ND 0.008 0.003 

Gamma Chlordane mg/L ND ND ND 0.012 0 

4.4' - DDT mg/L ND ND ND 0.007 0.002 

Endosulfan mg/L ND ND ND 0.019 0.056 

Endrin mg/L ND ND ND 0.009 0.002 

Glyphosate mg/L ND ND ND 2.7 0.7 

Heptachlor mg/L ND ND ND 0.005 0 

Lindane (BHC) mg/L ND ND ND 0.002 0.0002 

Paraquat** µg/L ND ND ND 0.1 - 

Methoxychlorine mg/L ND ND ND 0.005 0.04 

PCBs (Polychlorinated biphenyls) (3) mg/L ND ND ND 0.2 0 

Propanil mg/L ND ND ND 0.132 0.02 

Simazine mg/L ND ND ND 0.027 0.004 

* SEAM Resolution n. 222/02, Article 3 for class 2 surface waters. 

**Analysis carried out by the Bioagri laboratory. 

(1) Maximum rate of Phenols allowed for the discharge of effluents in surface water bodies, article 7 of SEAM Resolution 

n. 222/02. 

(2) Sum between organic mercury and inorganic mercury. 

(3) The outsourced laboratory reports the PCB result as less than 0.2 micrograms/L, which is the limit of quantification of 

the method used. 

ND: not detectable. 

Limits of detection of organic compounds are expressed in micrograms per liter (µg/L). 
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9.9.3.4.2 Sediments 

 

Table 19 – Results of 1st, 2nd and 3rd Campaigns – Sediments – SE01 

Parameter Unit 
Results Detection 

limit 

Legal 

limits 1st 2nd 3rd 

Physicochemicals 

Humidity % p/p bu 24.55 25.20 22.80 0.1 SR 

Biochemical Oxygen Demand (BOD5) mg/kg bu 193 121 128 10 SR 

Total Phosphorus (P) mg/kg bs 51.3 217 235 12 SR 

Nitrate (NO3
-) mg/kg bs 42.3 17.1 58.2 3.3 SR 

Nitrite (NO2
-) mg/kg bs ND ND ND 0.2 SR 

Total Kjeldahl Nitrogen (NTK) mg/kg bs 467 570 314 80 SR 

Percentage of solids** % p/p 11.5 73.1 74.4 0.05 SR 

Metals 

Aluminium (Al) %p/p bs 1.88 1.64 4.00 0.2 SR 

Antimony (Sb) mg/kg bs ND ND ND 1 SR 

Arsenic (As) mg/kg bs 2.1 1.8 1.8 1 SR 

Barium (Ba) mg/kg bs 110 72 97 5 SR 

Boron (B) mg/kg bs 5 ND ND 5 SR 

Cadmium (Cd) mg/kg bs ND ND ND 1 SR 

Copper (Cu) mg/kg bs ND 4 ND 4 SR 

Total Chrome (Cr) mg/kg bs 21.1 14 20 3 SR 

Hexavalent Chromium (Cr6+) mg/kg bs ND ND ND 3 SR 

Trivalent Chromium (Cr3+) mg/kg bs 21.1 14 20 3 SR 

Total Mercury (Hg) mg/kg bs ND ND ND 1 SR 

Nickel (Ni) mg/kg bs 5 10 10 1 SR 

Silver (Ag) mg/kg bs ND ND ND 1 SR 

Lead (Pb) mg/kg bs 24 2.7 ND 2 SR 

Selenium (Se) mg/kg bs < 4 1.8 1.9 0.8 SR 

Zinc (Zn) mg/kg bs 24 24 24 4 SR 

Pesticides 

2.4 D** mg/kg ND ND ND 0.0035 SR 

Alachlor mg/kg bs ND ND ND 0.00380 SR 

Atrazine mg/kg bs ND ND ND 0.00010 SR 

Carbofuran mg/kg bs ND ND ND 0.00016 SR 

Diazinon mg/kg bs ND ND ND 0.00014 SR 

Glyphosate mg/kg bs ND ND ND 0.0027 SR 
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Parameter Unit 
Results Detection 

limit 

Legal 

limits 1st 2nd 3rd 

PCBs mg/kg bs ND ND ND 0.2237 SR 

bu: sediment drained with humidity from the pores. (wet basis). bs: dry basis (no humidity). 

SR: no references. 

** Analyses carried out by the laboratory  Bioagri.  
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Table 20 – Results of 1st, 2nd and 3rd Campaigns – Sediments – SE02 

Parameter Unit 
Results Detection 

limit 

Legal 

limits 1st 2nd 3rd 

Physicochemicals 

Humidity % p/p bu 26.43 25.35 24.15 0.1 SR 

Biochemical Oxygen Demand (BOD5) mg/kg bu 283 247 102 10 SR 

Total Phosphorus (P) mg/kg bs 104 18.1 263 12 SR 

Nitrate (NO3
-) mg/kg bs 157 ND 52.2 3.3 SR 

Nitrite (NO2
-) mg/kg bs ND 865 ND 0.2 SR 

Total Kjeldahl Nitrogen (NTK) mg/kg bs 560 247 271 80 SR 

Percentage of solids** % p/p 70.5 47.9 74.2 0.05 SR 

Metales 

Aluminium (Al) %p/p bs 2.00 1.79 2.60 0.2 SR 

Antimony (Sb) mg/kg bs ND ND ND 1 SR 

Arsenic (As) mg/kg bs 2.6 2.2 1.0 1 SR 

Barium (Ba) mg/kg bs 57 70 107 5 SR 

Boron (B) mg/kg bs ND ND ND 5 SR 

Cadmium (Cd) mg/kg bs ND ND ND 1 SR 

Copper (Cu) mg/kg bs ND 6 ND 4 SR 

Total Chrome (Cr) mg/kg bs 19.4 13 19 3 SR 

Hexavalent Chromium (Cr6+) mg/kg bs ND ND ND 3 SR 

Trivalent Chromium (Cr3+) mg/kg bs 19.4 13 19 3 SR 

Total Mercury (Hg) mg/kg bs ND ND ND 1 SR 

Nickel (Ni) mg/kg bs ND 13 9 1 SR 

Silver (Ag) mg/kg bs ND ND ND 1 SR 

Lead (Pb) mg/kg bs 15 2.3 ND 2 SR 

Selenium (Se) mg/kg bs 4 0.8 ND 0.8 SR 

Zinc (Zn) mg/kg bs 9 26 20 4 SR 

Pesticidas 

2.4 D** mg/kg ND ND ND 0.0035 SR 

Alachlor mg/kg bs ND ND ND 0.00380 SR 

Atrazine mg/kg bs ND ND ND 0.00010 SR 

Carbofuran mg/kg bs ND ND ND 0.00016 SR 

Diazion mg/kg bs ND ND ND 0.00014 SR 

Glyphosate mg/kg bs ND ND ND 0.0027 SR 

PCBs mg/kg bs ND ND ND 0.2237 SR 

bu: sediment drained with humidity from the pores. (wet basis). bs: dry basis (no humidity). 

SR: no references. 

** Analyses carried out by the laboratory  Bioagri. 
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9.9.3.5 Conclusions 

In order to define the quality of the surface waters of the Paraguay River before the 

implementation and operation of the PARACEL dissolving and bleached pulp mill, to 

be considered as a background and reference for future monitoring studies, three 

campaigns were carried out to collect and investigate surface water and sediments at 

two points during dry and rainy seasons. 

The results of the surface waters were compared with the standards established for class 

2 water bodies by SEAM Resolution n. 222/2002. With regard to sediments, it should 

be noted that there is no legal reference for comparing the results.  

It should be noted that most of the parameters analyzed presented concentrations below 

the limits established by SEAM Resolution n. 222/2002. In the following, only the 

results of the parameters in disagreement with the legislation will be commented. 

In point FW01, of the physicochemical parameters, total phosphorus showed a 

concentration of 0.0160 mg/L in the third campaign and 0.09 mg/L in the second, results 

above the limit of 0.05 mg/L. In the first campaign, the value obtained was 0.021 mg/L, 

below the limit allowed by legislation. Total Kjeldahl nitrogen showed a concentration 

above the value permitted by legislation in all three campaigns (limit of 0.06 mg/L): 

1.01 mg/L in the third campaign, 1.18 mg/L in the second and 0.84 mg/L in the first. 

Also in the third campaign, the recorded color value was 82 uPtCo, above the 

established limit (≤ 75 uPtCo). In the first two campaigns, the values obtained did not 

exceed the limit established in SEAM Resolution n. 222/2002. 

With regard to metals, the concentration of aluminum obtained was 3.00 mg/L, the 

lowest recorded in the three campaigns at that time, but still above the limit of 0.2 mg/L. 

Soluble iron had the highest concentration of the three campaigns, 0.55 mg/L (limit of 

0.3 mg/L). Bacteriological and pesticide parameters did not show values higher than 

those allowed by SEAM Resolution n. 222/2002 in the three campaigns. 

In point FW02, of the physicochemical parameters analyzed, in the first campaign, total 

phosphorus and total Kjeldahl nitrogen showed values higher than those permitted. 

Unlike the second campaign, the results of the color parameter were kept within the 

established limit.  

With regard to total phosphorus, a concentration of 0.135 mg/L (limit of 0.05 mg/L) 

was obtained, the highest value recorded in the three campaigns already carried out. For 

total Kjeldahl nitrogen a concentration of 1.03 mg/L (limit 0.6 mg/L) was obtained, the 

lowest value recorded in the three campaigns.  

For metals, aluminum had a concentration of 4.00 mg/L (limit of 0.2 mg/L), the lowest 

value recorded in the three campaigns. Soluble iron had the highest concentration in all 

three campaigns: 0.79 mg/L, above the limit of 0.3 mg/L. It should be noted that a 

concentration of 0.61 mg/L (above the limit) was obtained in the first campaign and 

0.18 mg/L in the second (below the limit). 

Bacteriological and pesticide parameters do not exceed the values allowed by SEAM 

Resolution n. 222/2002. 

As was observed in the 3 campaigns, when comparing the results obtained at Point 

FW01, located upstream of the effluent discharge points of the future PARACEL pulp 

mill; and at Point FW02, located downstream of the raw water intake point, it is 

observed that Point FW02 presents higher concentrations, mainly when the parameters 
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that exceeded the limits of SEAM Resolution n. 222/2002 are observed. It should be 

noted that there are no sources of contribution that justify the increase in concentrations 

between the two points. Therefore, it is believed that this fact may be associated with 

sampling or discharge matters from Arroyo Seco, which should be better explained in 

the future through the analysis of the results of subsequent campaigns. 

Phosphorus and nitrogen are nutrients naturally derived from the dissolution of 

compounds present in the soil and the decomposition of organic matter, which can 

contribute to the results found. As this is a region where agricultural activities take 

place, nutrient concentrations above the permitted limit may also be associated with the 

use of fertilizers. 

As for the values of aluminum and iron in disagreement with the legislation, these can 

be related to the substrate layer of the soils of the region and therefore can be considered 

as natural from the surface waters. 

Regarding the color parameter at point FW01, it is believed that such non-conformity 

is associated with the time of harvesting, the rainy period of the region, because there 

may be an increase in dissolved and suspended solids, mainly material in organic and 

inorganic colloidal state, thus corroborating the alteration of this parameter. 

It should also be noted that, in the third campaign, carried out in February/2020, the 

Paraguay River showed a higher concentration of dissolved and suspended substances 

than in the first and second campaigns, held in October and December/2019, 

respectively. This is due to the severe drought in October, November and December. 

The increase in precipitation in the region contributed to the alteration of the 

concentrations of the parameters analyzed, reducing electrical conductivity and all 

cations and anions. 

9.9.4 Water quality provided by ESSAP 

To complement the ESIA monitoring campaign, the results of the analysis of raw water 

from the Paraguay River in the Concepción section, provided by ESSAP (Paraguayan 

Health Service Company), carried out between 2017 and 2018, will be presented below. 
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Table 21 – Water quality results by ESSAP 

Parameters Unit feb/17 apr/17 aug/17 sep/17 dec/17 feb/18 mar/18 apr/18 jul/18 dec/18 

pH - 7.1 7.1 6.9 7 7.3 6.7 6.8 7 7 6.8 

Turbidity NTU 99.4 21.9 16.9 15.4 20.4 21.1 8.96 5.32 13.6 24.5 

Color Pt-Co 250 75 80 50 240 300 100 90 100 120 

Total alkalinity mgCaCO3/L 40 30 30 31 31 34 35 39 30 34 

Conductivity µS/cm 119.6 81.4 76 77.8 91 94.3 100.1 147 156 105 

Total dissolved solids mg/L 60 41 38 39 45 47 50 50 73 52 

Aluminium mg/L <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 <0.006 

Calcium mg/L 9.3 8.8 8.8 7.6 8.8 13.2 9.6 10.8 8 18.6 

Magnesium mg/L 4 1.68 1.9 2.4 2.6 3.1 2.9 2.6 1.7 2.7 

Total hardness mgCaCO3/L 47 29 30 29 33 46 36 38 27 28 

Chloride mg/L 12.5 25 2.5 3 5 0.5 9.5 16.5 2 5 

Sulphate mg/L 1 0.992 0.98 1.01 1.2 4.24 1.9 0.67 9.17 18 

Silice mg/L 18.97 16.99 18.31 19.89 20.4 23.86 22.9 36.24 16.32 17 

Ammonia Nitrogen mg/L 0.036 0.033 0.023 0.063 0.036 0.046 0.037 0.021 0.041 0.03 

Nitrite mg/L 0.045 0.048 0.042 0.026 0.039 0.029 0.023 0.02 0.013 0.003 

Nitrate mg/L <2.00 <2.00 <2.00 <2.00 0.833 1.342 0.97 0.105 0.62 1 

Iron mg/L 1.98 2.26 2.19 0.504 1.92 1.307 1.47 1.38 0.02 0.107 
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Parameters Unit feb/17 apr/17 aug/17 sep/17 dec/17 feb/18 mar/18 apr/18 jul/18 dec/18 

Sodium mg/L 11.24 6.09 2.1 5.1 5.3 4.82 4.88 4.9 4.89 4.89 

Potassium mg/L 0.94 1.02 1.84 1.4 1.6 1.52 1.6 1.6 1.69 1.69 

Chrome mg/L ND ND ND ND ND ND ND ND ND ND 

Manganese mg/L ND ND ND ND ND ND ND ND ND ND 

Zinc mg/L ND ND ND ND ND ND <0.5 ND ND ND 

Copper mg/L ND ND ND ND ND ND ND ND ND ND 

lead mg/L ND ND ND ND ND ND ND ND ND ND 

Cadmium mg/L ND ND ND ND ND ND ND ND ND ND 

Total Mercury mg/L ** ** ** ** ** ** ** ** ** ** 

Arsenic mg/L ND ND ND ND ND ND ND ND ND ND 

Synthetic detergents mg/L <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Fats and oils and 

hydrocarbons 
mg/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Temperature ºC 25 26 21 22 25 23.2 23 25 19 28 

Total Coliforms UFC/100 mL 3,500 3,800 1,200 2,300 1,600 3,100 1,900 2,000 3,000 2,700 

Fecal coliforms UFC/100 mL 290 220 10 190 150 300 150 180 400 480 

Chemical Oxygen 

Demand 
mg/L 22 20 27 21 19 25 24 20 20 23 

Biochemical Oxygen 

Demand 
mg/L 1.0 0.6 1.7 1.6 1.0 2.4 2.0 1.7 2.6 1.6 
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9.10 Hydrogeology (Groundwater Resources) 

Paraguay not only has extensive natural surface water resources, but also a wealth of 

groundwater. Groundwater is the most important water resource in Paraguay, because 

of its easy access and availability in terms of quality and quantity (PMCIC, 2014). 

Paraguay has great potential in terms of groundwater, which is contained in aquifers 

that are strategic for the country's socioeconomic development and for the social well-

being of its inhabitants (PMCIC, 2014). 

Paraguay's main aquifers are located in the subsoil of the country's two regions, the 

Eastern Region and the Western Region. Some of these aquifers are locally distributed 

and are restricted to the national territory, as is the case with the following aquifers: 

Patiño, Caacupé, Arroyos and Esteros, Itacurubí, while others, such as the Guaraní 

(Misiones aquifer), Yrendá, Independencia, Col. Oviedo, Alto Paraná, Pantanal and 

Acaray, are shared with neighbouring countries and have been classified as 

transboundary aquifers (PMCIC, 2014). 

The Plata Basin is also rich in groundwater resources. It largely coincides with the 

Guarani Aquifer System (SAG in Spanish), one of the largest groundwater reservoirs in 

the world, with an area of 1,190,000 km². To the west of the Basin is the Yrendá-Toba-

Tarijeño Aquifer System (SAYTT), which in the majority is located in the semi-arid 

zone of the Basin, the Gran Chaco American Biome, with an area of 410,000 km² (CIC, 

2017). 

The following figure shows the map of the transboundary aquifers of the Plata Basin. 
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Figure 77 – Map of the transboundary aquifers of the Plata Basin. Source: CIC 

(2017) 

 

In the La Plata Basin, the natural development of urban and rural populations, associated 

with the strong increase in agricultural and industrial activities, has significantly 

increased the use of water resources, particularly those of underground origin. This 

growth, as expected, in addition to demographic parameters, is due to the intrinsic 

characteristics of the aquifers, such as the occurrence of potentially productive units and 

the quality of the groundwater (CIC, 2017). 
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In Paraguay, too, groundwater is widely used for human and industrial supply, as for 

example in the outskirts of its capital, Asunción. In other regions, it is mainly used for 

livestock and for public supply in dispersed locations (CIC, 2017). 

The following figure shows the annual volumes of groundwater exploited in the Basin. 

 

Figure 78 – Volumes of groundwater exploited annually. Source: CIC (2017) 
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The potability of the groundwater in the Basin was analyzed, in terms of salinity, taking 

into account the values of the electrical conductivities of the samples analyzed, given 

that they represent an approximation of the total dissolved salt content.   

The concentrations of these salts, expressed in µS/cm were arranged in regular intervals 

distributed throughout the area of the Basin, and present the following results:  

‒ 0 – 100 µS/cm – Registered only in the extreme North and Northeast regions of 

the Brazilian territory; 

‒ 100 – 500 µS/cm – Widely predominant throughout the Basin, mainly in the 

Paraná Sub-basin in Brazil, and smaller portions in other countries;  

‒ 500 – 1000 µS/cm – This interval occurs as strips aligned in a north-south 

direction, separating the Paraná Basin from those located further west in the 

region, also extending over part of Bolivian territory, the Brazilian Pantanal area 

and the eastern and western regions of Argentina;  

‒ 1000 – 3000 µS/cm – This concentration interval, which marks the beginning of 

the occurrence of waters with inadequate quality for human health, is available 

in the Argentine and Paraguayan Chaco, in addition to the central and southern 

portion of Argentina;  

‒ 3000 µS/cm – the area of occurrence of this interval of highly saline waters is 

restricted to a region of the Paraguayan and Argentine Chaco, corresponding to 

the fraction of the area of occurrence of the SAYTT Aquifer.  

The following figure shows the geographical distribution of occurrence of these 

intervals. 
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Figure 79 – Groundwater salinity distribution. Source: Diniz et al. (2015) 

 

The natural vulnerability of groundwater is presented in the figure below. The lower 

regions or those with more dense drainage, such as the Chaco, Pantanal and the main 

drainage areas, present high to extreme vulnerabilities. The compartment represented 

by the Paraná Sedimentary Basin has medium to low vulnerability in relation to the 

others and high portions such as the Bolivian Andes present Low vulnerability index.  
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Figure 80 – Natural vulnerability of the groundwater of the Plata Basin. 

Source: Diniz et al. (2015) 

 

The planned location for the implementation of the PARACEL pulp mill will be in the 

city of Concepción, near the Paraguay River. For ESIA, the Aquidabán and Pilcomayo 

River hydrographic units were adopted as an indirect area of influence. Thus, the 

aquifers present in these hydrographic units will be addressed in this chapter on 

groundwater. 

The following figure shows the location of the future PARACEL pulp mill on the 

aquifer systems map. 

  

confidential

confidential



109001759-003-0000-E-1501 
 

124 
 

  

 

 

Figure 81 – Map of Aquifer Systems 

 

  

confidential

confidential



ÛÚÛÚ
ÛÚÛÚ
ÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚ
ÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚ
ÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚ
ÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚ
ÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚÛÚ

Paraguay

Argentina

Brazil

Boqueron

Presidente Hayes

San Pedro

Concepcion

Amambay

Ñeembucu

Paraguari

Itapua

Alto Paraguay

Misiones

Caazapa

Caaguazu

Guaira

Cordillera

Central

Canindeyu

Asuncion

-700.000

-700.000

-600.000

-600.000

-500.000

-500.000

-400.000

-400.000

-300.000

-300.000

-200.000

-200.000

-100.000

-100.000

0

0

7.0
00

.00
0

7.0
00

.00
0

7.1
00

.00
0

7.1
00

.00
0

7.2
00

.00
0

7.2
00

.00
0

7.3
00

.00
0

7.3
00

.00
0

7.4
00

.00
0

7.4
00

.00
0

7.5
00

.00
0

7.5
00

.00
0

7.6
00

.00
0

7.6
00

.00
0

Brasil

Argentina

Bolivia
LOCATION MAP

LEGEND

ESCALA GRÁFICA:

DATUM SIRGAS 2000
PROYECCION: UTM

DATA SOURCE:

ENVIRONMENTAL AND SOCIAL STUDY

AQUIFER SYSTEMS
ESCALA: FECHA:

PROYECTO N° FOLHA: FORMATO:

RESP. TÉCNICO: FIRMA: REV.
            

Romualdo Hirata 0

ÛÚ Structures - Transmission Line

ÛÚ Accommodations (Camps)
Transmission Line
Hydrography
IIA - Indirect Influence Area
DAA - Directly Afected Area
DIA - Direct Influence Area
CIH Rio Pilcomayo and Aquidaban

Region of Aquifers
Aquifer Aquidaban
Aquifer Guaraní
Aquifer SAYTT
Departaments
South America

0 40 8020
km

- DGEEC, 2012 (Dirección General de Estadística, 
Encuestas y Censos).
- SEAM, 2015 (Secretaría Del Ambiente)

1:1.621.853 28/05/2021

CIH8 Aquidaban and CIH18 Rio Pilcomayo

CIH Rio Pilcomayo

CIH Aquidaban

Acuífero SAYTT

Acuífero Guaraní

Acuífero
Aquidaban

ÛÚ
ÛÚ

ÛÚ

ÛÚ

ÛÚ

ÛÚ

Rio Paraguay

CIH Aquidaban

Acuífero
Aquidaban

CAMP 7
CAMP 6

CAMP 1
CAMP 11

CAMP 9CAMP 3

confidential

confidential



109001759-003-0000-E-1501 
 

125 
 

  

 

 

9.10.1 Regional Characterization (IIA)  

For this study, the main aquifers considered were the Yrendá-Toba-Tarijeño Aquifer 

System (SAYTT) and the Guaraní Aquifer System (SAG). 

9.10.1.1 Aquifer System Yrendá-Toba-Tarijeño - SAYTT 

According to CIC (2015), the SAYTT is shared by the three countries of the South 

American Gran Chaco, which are Argentina, Bolivia and Paraguay. Each of the 

countries that contain the aquifer has given it a name to identify it within its territory. 

So we have to: Argentina: Acuífero Toba (T), Bolivia: Acuífero Tarijeño (T) and 

Paraguay: Acuífero Yrendá (Y). 

The SAYTT is an aquifer system of great regional importance due to the existing 

expectations in a region with water shortage, semi-arid climate and with other aquifers 

where its supply is brackish or salt water, not suitable for human consumption or 

agricultural production. Its knowledge and subsequent sustainable management would 

favor a correct management of the soil, which, undeniably, the services provided by 

both natural resources are integrated for the development of the region. 

The rocks assigned to the Quaternary that appear in the SAYTT region extend over 

some 521,904 km2, distributed among the following countries in order of surface area: 

Argentina: 303,220 km2 (58.1%), Paraguay: 196,988 km2 (37.7%) and Bolivia 21,696 

km2 (4.2%) (GULISANO 2014). 

In Paraguay the Yrendá Aquifer System is located in three departments (Boquerón, Pte. 

Hayes and Alto Paraguay). 

The most important river in the SAYYT, in Paraguay, is the Pilcomayo river, with an 

area of 272,000 km2 (approx. 8.4% of the Plata basin). It is the natural border between 

Argentina - Bolivia and Argentina - Paraguay. This river is characterized by its 

permanent wandering due to the large volume of sediments it carries. This has created 

through thousands of years a great continental delta, with apex in the triple border and 

its maximum opening on the Paraguay River from Bahía Negra in Paraguayan territory, 

to Route 81 in the province of Formosa, which has remained practically as a division of 

the Pilcomayo and Bermejo basins.  

This gigantic alluvial fan could be divided into two types of morphology. To the north 

in Paraguayan territory, a dense network of deactivated-clogged paleo-catchment areas 

has been formed, which today constitutes one of the sources of water supply for human 

consumption. These paleo-channels present a direct recharge of rainwater and since a 

few decades ago the artificial recharge of this phreatic aquifer, superimposed on the 

SAY, has been carried out in the area. On the other hand, towards the south there is a 

series of streams and rivers that constitute the active network of paleo-catchment areas 

and new channels. All the watercourses finally discharge into the Paraguay River which 

is the great receiver of all the waters that descend from the Andes. The surface of this 

great continental paleo-delta is about 200,000 km2, located almost entirely in 

Paraguayan territory. 

According to CIC (2015), in Paraguay, the compilation of data from the Yrendá aquifer 

(SAY), in Paraguayan territory, presented 382 deep wells in Excel spreadsheets and 227 

wells with less than 50 meters deep in SISAG origin sheets. A map of the location of 

the wells was presented where the quality of the water is defined according to its salinity 
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(fresh, brackish and salty, as well as dry wells), in addition to a sheet with physical-

chemical data of some wells. 

Under the denomination of SAY, it is understood that confined and/or semi-confined 

aquifers extend throughout the Chaco at various levels and at different depths, 

constituting multi-layer systems, formerly called the Yrendá Aquifer Complex 

(GODOY, 1990), constituting at the regional level a single hydrogeological system, 

although differences in detail may occur at the local level, occupied by different 

groundwater flow systems. South of the 20th parallel, the SAY is below a depth of 50 

m to the west, bordering Bolivia, and below 5 - 3 m to the east, in the Humid Chaco, 

even overcoming the phreatic level near the Paraguay River, causing the flow of the 

aquifers to be confined to the phreatic level. The piezometric levels range from 25 m to 

close to rising, in the channels that run in a west-east direction, tributaries of the 

Paraguay River. 

In the area between the Bolivian Sub-Andean and the Parapetí River, the permeability 

(K) of the deep aquifers varies from 8.6 - 17.3 m/day; the transmissibility (T) from 1,075 

- 2,150 m2/day and the storage coefficient (S) from 5.10-4 - 6. 10-6; in the Bolivian-

Paraguayan border area permeability varies from 6 to 8 m/day and transmissibility from 

400 to 200 m2/day and in the central Paraguayan Chaco permeability varies from 0.3 to 

8.0 m/day and transmissibility from 50 to 100 m2/day. The wells that capture these 

aquifers have specific flows that vary from 2.0 to 3.6 m3/h/m. Their maximum total 

porosity is 40% and the effective porosity is between 7 and 10%. The actual 

underground flow rate varies from approximately 20 m/year to 46 m/year. (GODOY V. 

EUGENIO, 1990). 

The large hydraulic load of the confined aquifers indicates that the recharge zone is at 

a much higher level than the land where the well is located, and as the area is semi-arid 

with a strong water deficit it is difficult for these aquifers to receive fresh water by direct 

infiltration of rainfall. As well, the isolated freatic aquifers are insufficient to feed the 

deep aquifers that contain large volumes of fresh water. It is strong to think that the 

recharge is produced by infiltration of rainfall and rivers in Bolivian territory, mainly 

along a strip of thick piedmont sediments about 15 to 20 km wide, which runs parallel 

to the sub-Andean mountain ranges, as well as by infiltration of the Pilcomayo River 

during floods through its alluvial fan. (GODOY V. EUGENIO, 1990). 

In times of low water, the salinity of the surface courses and wetlands increases, 

indicating a subterranean source of water. The discharge zone is characterized by the 

occurrence of brackish to salty wetlands in the direction of underground flow. The 

formation of evaporative minerals in discharge areas produced by regional flow systems 

of mineralized (salt) groundwater is a characteristic of the area. 

9.10.1.2 Guaraní Aquifer System (Sistema Aquifero Guarani – SAG, in Spanish) 

According to CIC (2015), the transboundary Guarani Aquifer System (SAG) has an area 

of 1,087,879.15 km2, extending over the Chaco - Paranaense sedimentary basin. It is 

the most important hydro-stratigraphic unit in the southern portion of the South 

American continent, and is associated with the siliciclastic rocks of the Plata Basin 

(Brazil and Paraguay), the Chaco - Paranaense Basin (Argentina) and the Northern 

Basin (Uruguay), which represent an evolutionary history common to the eastern 

portion of the Bolivian Chaco (FRANCA ET AL, 1995). 
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The regional climate in its area of occurrence is characterized as humid, with rainfall 

ranging from 1,200 to 1,500 mm/year. 

Its waters are widely used for human and industrial supply and for thermal tourism, due 

to their thermal properties in the places where the aquifer is confined by the basalts of 

the Serra Geral formation. 

The Guarani Aquifer System is formed by sandstones of the Jurassic period (Brazil), of 

the Tacuarembó formation (Uruguay), Misiones (Paraguay) and by the fluvio-lake 

sandstones of the Piramboia/Rosario do Sul formation (Brazil) and Rivera (Uruguay). 

Outcrop zones occur in two bands located to the west and east of the zone of occurrence 

and correspond to approximately 10% of the total area of the aquifer, being confined to 

90%. 

The average thickness is 250 meters and the flows vary between 60 and 200 m3/h in 

areas close to the outcropping zones and from 200 to 400 m3/h in the confined areas. 

Locally it can present much lower values in the outcrop areas. 

The waters are calcium and magnesium bicarbonate near the outcropping areas and 

sodium in the deeper areas. The pH is alkaline and dry residue values vary from 200 to 

600 mg/l. The temperature varies from 18 to 63°C, depending on the depths of 

occurrence of the aquifer. 

This aquifer system is of great importance at the regional and transnational level, 

representing a fundamental resource for socioeconomic development and in the 

operation and maintenance of associated ecosystems. 

9.10.2 Local Characterization (DIA and DAA) 

According to the hydrogeological map, the areas of direct influence and directly 

affected by the PARACEL pulp mill are located in the Aquidauana - Aquidaban Aquifer 

System. 

According to PMCIC (2015), the Aquidauana-Aquidaban Transboundary Aquifer 

System is located in the Paraná River Basin, with an area of approximately 27,000 km2, 

of which 14,600 km2 are in Brazil and 12,300 km2 in Paraguay extending in a NE-SW 

direction, being used for human and animal supply both in Brazil and Paraguay. 

The aquifer is of the semi-confined type, made up of glassy-marine sediments with 

intense variations in facies, presenting flows that are also quite dispersed, with average 

values oscillating between 10-20 m3/h/well. 

From the chemical point of view, it also presents waters with quite variable 

characteristics. Its use in the short term has become essential for human supply and to 

allow the economic development of the region, with agricultural and livestock 

characteristics. 

9.10.3 Groundwater quality 

According to GODOY and PAREDES (1995), practically all the potential aquifers in 

the Eastern region have water suitable for human consumption, irrigation and industry. 

In the Western region, or Chaco of Paraguay, the chemical quality of the waters of the 

Yrendá Aquifer System is a limiting factor for domestic, livestock, agricultural and 

industrial use. The presence in most of the area of water with high salt content is due to 
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the fact that, among the sediments that fill the basin, there are evaporite salts (mainly 

gypsum), which, due to their solubility, give rise to brackish or salty water. 

As part of this study, groundwater wells located near the PARACEL pulp mill area was 

tested. Groundwater Quality Monitoring was conducted to verify the quality of the 

groundwater prior to the implementation and operation of the pulp mill (background). 

Groundwater sampling collection was performed at 06 (six) points, covering the 

region's dry and rainy periods. The figure and table below show the location of the 

points. 

The results of these 6 points are presented in ESIA Plantations report, Volume II, Tomo 

I. 

 

 

Figure 82 – Location of monitoring points for groundwater collection campaigns 

Source: Adapted from Google Earth (2021) 
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Table 22 – Coordinates of groundwater monitoring points 

Point Coordinates 

GW1 23°13'54.71"S  57°29'25.08"O 

GW2 23°14'8.63"S  57°29'13.66"O 

GW3 23°15'51.86"S 57°29'50.26"O 

GW4 23°15'19.78"S 57°30'4.88"O 

GW5 23°16'5.34"S 57°28'51.63"O 

GW6 23°15'51.16"S 57°28'19.73"O 

Source: Pöyry Tecnologia (2020) 
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Caixa de Texto
*Alternative reference standards refers to other national water quality standards, such as Law 1614/200 and NP 24001/80, as well as IFC EHS Guidelines.
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